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PEEFACE TO FIEST EDITION. 



Hayinq had the control of the manufacture of about 3500 
nautical miles of Telegraph Cables, made mostly with 
Hooper's Core, but also with Core of ordinary Gutta-percha 

• 

and of Willoughby Smith's Gutta-percha, I have had 
frequent opportunities of ascertaining the correctness of the 
data given in this book. 

I do not expect an Electrician will discoyer anything new 
in these pages, but if he should find this Guide a useful 
one to put in the hands of young men, who haye to learn 
practical testing, I shall feel satisfied in haying published it. 

V. H. 

Loin)ON, 1873. 
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ELECTRIC TESTING OF TELEGRAPH CABLES. 



1. ELECTEIO TESTS. 



The electric Testing employed during the manufacture of 
cables, or cores, ascertains : 

A. The Conductivity of the Copper. 

B. The Charge of the Cable. 

C. The Insulation of the Cable. 

D. The Insulation of a Joint. 

E. The Position and Magnitude of a Fault. 

2. STANDABD DEGEEE OP TEMPEEATUEE. 

As the temperature has an essential influence on the con- 
ductivity of the copper and the insulation of the cable, all 
test-results ought to be reduced by calculation to a standard 
degree of temperature. For this purpose 75° Fahrenheit = 
c. 24° Celcius has been chosen. 

3. IMMEESION IN WATEE. 

The air not being so good an electric conductor as water, 
and the amount of the charge depending on how the 
electricity in the copper conductor influences the water 
outside the dielectric, the cable has during the determina- 
tion of its charge and its insulation to be immersed in water. 



2 ELECTRIC TESTING OF TELEGRAPH CABLES. 

the water to be in electric connection with the earth 
through an iron tank. 

4. AEEANGEMENTS BEFOEE TESTING. 

When a cable has to be tested, it ought to be discharged, 
by connecting it to earth for some hours before the test. 

A good earth connection may be obtained by using, in 
factories, gas or water pipes ; on board cable ships, the iron 
hull of the ship ; and with a submerged cable its iron wire 
sheathing. 

During cable layiug it is well to have one battery for the 
speaking instruments, and two testing batteries, as a single 
battery would become polarized. The cells should be filled 
with sawdust, saturated with sal-ammoniac solution, and 
some water added every morning. The cells should be well 
insulated in a wooden tray, mounted on glass or earthen- 
ware supports. 

All apparatus should be insulated by being placed on 
india-rubber or ebonite sheets, which should be well rubbed 
every morning, that humidity or dust may not destroy the 
insulation. Ebonite should be washed with boiling water, 
rinsed well in distilled water, and dried, to remove the film 
of acid produced, or its surface varnished with shellac. 

It is advisable not to use leading wires, but, where pos- 
sible, to take the ends of the cable, from which the sheath- 
ing has been removed, direct into the testing room. 

When a cable end has to be insulated, the core must be 
uncovered for 18 inches, free from all hemp, iron wires, and 
if india-rubber core, free from all felt, and the conductor bared 



THE USB OP A SHUNT. 3 

for one incli. One ineli of the core near the conductor, and 
half an inch of the conductor near the core is then paraffined, 
and, during the insulation test, the end is left hanging in 
the air. 

6. APPAEATUS. 

For electric tests the following apparatus are principally 
used: — 

Batteries (B) up to 500 elements. 

Thomson's Keflecting Galvanometer (G) with Shunt (Sh). 

Condenser (Cd). 

Eeversing Battery-keys (BK). 

Short-circuit Keys (SK). 

Charge and Discharge Keys (DK). 

Commutators (Cm). 

Wheatstone's Bridge (WB) with Shunt (Sh). 

Besistance-coil (E). 

6. THE USE OP A SHUNT. 

A shunt is generally used with a galvanometer, and in 
such a way that only a part of the electric current passes 
through the galvanometer, while the rest passes through the 
shunt. A properly proportioned shunt must be used in 
order that the deflection of the galvanometer needle may 
not be too large. The resistance of the shunt diminishes as 
the length of the cable or the sensitiveness of the galvano- 
meter increases. 

8 -I- O 

The multiplying power or value v of the shunt is = -> 

8 

where s is the resistance of the shunt, and g the resistance 
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of the galvanometer. Should, for instance, $ be = 1, and 

1 I 99 
^ = 99, t; will be = — j — = 100 ; then only one hundredth 

part of the whole current will pass through the galvanometer, 
and the current will be 100 times greater than is indicated 
by the deflection of the galvanometer needle. 

When it is desired to give the shunt a certain power, its 
resistance 8 can be found from the previous equation, as $ 

9 
18= -^. 

V —1 
When a circuit includes a galvanometer of resistance g, 
and a shunt of resistance «, the total resistance of galvano- 

meter and shunt is , and if it is required to maintain 

g + s 

the resistance g of the circuit constant, then a resistance 

O 8 Q^ 

g ^7— = —^ — must be added. In calculating: insulation 

g+» ff+s ^ 

it is not necessary to account for the resistances g and s. 

7. ELECTEIO UNITS. 

The Unit of Besisiance ia: 

1 Ohm (o)) = 1 British Association Unit = 1 B.A.U. = 10 
Million absolute electro-magnetic Units of resistance, or : 

1 Siemens' Unit (1 S.U.) is the resistance of a prism of 
mercury, 1 meter long, and 1 n millimeter in section at 0°C. 

1 Ohm = 1-0493 S.U. 

1 S.U. = -9536 Ohm. 

1 Megohm (11) = 1 Million Ohms. 

The Un/it of Electro-motive Force is 1 Volt = 100000 
absolute electro-magnetic Units of Electro-motive Force. 
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The Unit of Quality, or Current Strength = 1 Micro- 
weber (r) = :r^-^ Milli-weber (7) = 1 Millionth part of a 

Weber ; 1 Weber = ^-7^^ — • 

1 Ohm 

The Unit of Charge is = 1 Microfarad (0) = 1 Millionth 

part of a Farad (4>). 

8. THE OEDEE OP THE TESTS, 

The Tests are best taken in the following order : 
Besistance of the Galvanometer. 
Conductivity of the Copper. 
Charge of the Leading wires. 

,9 of the Cable after 1 minute's Insulation. 
,9 99 by instantaneous Discharge. 

Constant e of the Condenser. 
Constant n of the battery. 
Constant of the Galvanometer. 
Insulation of the Leading wires. 
Insulation of the Cable. 



A.— THE CONDUCTIVITY OF THE COPPER. 

* 

9. EXPLANATION OP THE METHOD. 

In this electric test of the cable, the positive current from 
the copper, C, Fig. 1, in the battery (B) is generally put to 
earth (E). 

The negative current from the zinc (Z) is put through a 
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wire (W) to the Wheatstone bridge (WB) and divides at a 
into two parts ; one passes through a e and the cable (Ga) to 
earth, and the other through ah and the resistance-coil (B) 
to earth. The connection to earth can be omitted, and C 
directly connected to d. 

By removing the plug 6, the current through he paidses 
through the galvanometer (G) with shunt (Sh). There will 
be no current through h e, and no deflection of the galvano- 
meter needle, if the two currents ahd and aed are of the 
same potential at h and at c. This occurs when 

the resistance in a & : the resistance in a c = the resistance in B : 

the resistance in Ca, 

From a e = ah, Ca = K. The proportion between the 

resistance a e and a h can be varied from -r-Fr- to 77^^^, and 

iU 1000 

this proportion is termed the ratio ofhalance. 

The resistance E is now to be varied until the spot of 
light from the galvanometer covers the zero on the scale; 
it will perhaps be found that the spot of light moves to the 
left in diminishing E, that is by inserting a plug into the 
resistance-coil. The plugs in the resistance-coil must be 
carefully kept clean. 

As a paid-out cable is more> or less affected by earth" 
ev/rrents, it is necessary to test it alternately with the zinc 
and copper-poles. If the earth-current be weak, and the 
difference between the zinc and the copper-readings small, 
the arithmetic mean of the tests will give the resistance of 
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the cable ; but when the earth-current is strong, it is ad- 
visable to increase the strength of the testing battery, and 
to calculate the resistance by the formula \/r.K, where r is 
the resistance obtained when the cable is connected with the 
zinc-pole, and R that with the copper-pole. 

Earth-currents are always present, varying both in direc- 
tion and strength, sometimes slowly and sometimes rapidly, 
and appear to have daily two maxima of positive and two of 
negative currents. Lines running east and west are more 
affected by earth-currents than those running north and 
south ; and Aurora Borealis, thunderstorms, and earthquakes 
are generally preceded, accompanied, or followed by currents 
of great strength, entirely overcoming the working currents. 

A second method for finding the copper -resistance has 
been recommended. Having arranged the connections for 
copper-resistance, as in Fig. 2, and connected one end of the 
cable to n of the Wheatstone bridge, the other cable end 
being put to earth at the distant station, the key SE is 
depressed, and the deflection from the earth-current through 
the galvanometer and a proper shunt noted, /of the reversing 
key (BK) is next depressed, to put the battery in action 
through the cable and resistance-coil. To give the earth- 
current the least possible time to alter, the plugs of the 
resistance-coil are now adjusted as quickly as possible, until 
the spot of light covers that division on the scale where 
the deflection from the earth-current was observed. If neces- 
sary, the position of the deflection of the earth-current may 
again be observed, and another reading of the resistance in 
the bridge taken ; but when the earth-current is steady, one 
reading either with the^ zinc or with the copper-pole will be 
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sufficient, and give as satisfactory a result as a long series 
of readings alternately with zinc and copper-currents in the 
usual manner. 

Sir William Thomson recommends a third method^ stating 
that during the tests for copper-resistance of the Direct 
United States Cable, diflferences of potential between the 
Irish and Nova Scotian earths were found varying rapidly in 
amount from 5 to 18 cells, but always in the same direction. 
The ordinary bridge method would have given no result at 
all in so disturbed a condition of the cable, but the method 
by simple deflection was used. A time of comparative 
tranquillity was chosen, a reading taken, and the galv£tno- 
meter then as quickly as possible short-circuited, the battery 
reversed, the galvanometer circuit re-opened, and a fresh 
reading taken. Half the space travelled by the spot of 
light from the first reading to the second is taken as being 
the deflection that would be produced by the battery applied 
in either direction were there no earth-current. 

This was done seven times, and the half range found to 
be 232*3. Immediately after it was found that the same 
battery applied in two directions through the galvanometer 
and 7300 Siemens' units gave 232 divisions on one side of 
zero, and 233 on the other — ^mean 232 • 5. Then the copper- 
resistance to be inferred from the observations is 

^^ X 7300 = 7306 Siemens' units. 
232*3 
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10. PBACTICAL EXECUTION OP THE TEST. 

For the ordinary test the apparatus indicated in Fig. 2 is 
used. 

The copper-pole (C) of the battery (B) is, by lifting g^ 
connected, through i and I in the key BK, to the screw m 
in the resistance-coil (R) ; the zinc-pole (Z) is connected, by 
depressing /, through Ti and Tz in the key BK, to the screw z 
in the Wheatstone bridge. The battery consists of 4 to 10 
cells. 

The two ends n and o of the balance branches are directly 
connected with the bridge A e of the galvanometer. The 
ratio of balance is generally for the testing of the core and 

i^xi. 1 J- • 1000 .^, ,, 1000 ^ , 

of the leading wires z=—--^ of the cable = -ttjtt, and of 

^ , , 1000 

the galvanometer = y^ftr • 

One end of the cable is connected to w, the other to n. 

When / is depressed the current traverses the cable and 
the resistance B, which is varied until there is no deflection 
of the galvanometer. 

The resistance of the cable is now calculated by the ratio 
of. balance and the indicated resistance (E). 

The resistance of the leading wires is found in the same 
way as the resistance of the cable, by removing the cable, 
and connecting only the leading wires between m and n, 

11. CALCULATION OP THE CONDUCTIVITY. 

The resistance of the cable and leading wires being = E', 
and the resistance of the leading wires = L, the resistance Ej 
of the cable only will be = E' — L. 
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The Ohm, or B.A. unit, is used as the unit of resistance. 
If, therefore, the resistance Ea has been determined in 
Siemens' units, it will be Eg x "9536, when expressed in 
Ohms. 

The length of the cable being = I knots, or nautical miles, 
the resistance per knot will be : 

EaX -9636 
I 

As the resistance of the copper increases "21 per cent., or 

•0021 for every degree Fahrenheit increase of temperature, 

when the test is made at a temperature ty the resistance at 

75° F. will be: 

Ba (1 + -0021 (76° - t) ) -9536 

I 

Supposing the resistance Eg to have been found at 85°, the 
resistance at 75° will be : E^ (1 - (-0021 x 10)) = -979 E^ 
see Table I. 

As a wire of pure copper with the length of 1 knot and the 

weight of 1 lb. has at 75° F. a resistance of 1192 '33 Ohms, a 

wire with the weight of P lbs. per knot will have a resistance 

1192*83 
of — p Ohms. The core of the China-Japan Cable, with 

a weight of 300 lbs. copper per knot, would therefore have a 

resistance = — ott?^ — = 3*9744 Ohms, if it were of pure 

copper. 

The conductivity of the copper conductor of this cable, 
expressed in a percentage of the conductivity of pure copper, 
or the specifie c(ynductivity of the conductor, is therefore : 

_ 3-9744 X 100 X Z 

* " Ea (1+ -0021 (76-0 ) -9636' 
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Grenerally, several cables are tested at the same time, and 
the calculatioD is then facilitated by the use of logarithms 
which are best taken in the following order : 

log. a; = - log. Ea - log. • 9636 - log. (1 + • 0021 (75-<) ) + log. I 

-f-log. 3-9744 + log. 100. 

12. THE BESISTANCE OF THE GALVANOMETER. 

The resistance of the galvanometer, used to ascertain the 
charge and the insulation of the cable, has to be found in 
the same way as the resistance of the cable, by placing the 
galvanometer instead of the cable between m and n^ Fig. 2. 

The ratio of balance will be = tkftr* 

If only one galvanometer is to be had, its resistance can 
be found thus : — The resistance of the galvanometer at a 
certain degree F. being always exactly given by its manu- 
facturer, its resistance at the temperature during testing, 
read from a thermometer fixed to the galvanometer, is easily 
calculated by the preceding rule. A Table for the resist- 
ances between 40° and 75° F. ought to be calculated for each 
galvanometer, and its correctness ascertained by comparison 
with the resistances obtained by measurement with a second 
galvanometer. 

If the resistance of the galvanometer at 60^ F. is 10600 
Ohms, its resistance at 65° F. will be : 

10600 (1 + -0021 X 6) = 10711 Ohms. 

A second method of finding the resistance B of the 
galvanometer, when only one galvanometer is at hand, 
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consists in inserting between e and d of the Wheatstone 
bridge, Fig. 1, the shunt Sh, finding its resistances r. 

If Sh = -i^, r may be = 11-00 and E is = 10989 
= ^ = 110-70 = 10959 

= i = 1214-00 = 10926 

The mean of these three resistances K gives the true resist- 
ance B = 10958. 



13. THE BESISTANCE OF THE BATTERY. 

To find the resistance of a battery, connect its copper-pole 
C, Fig. 2, to earth, and its zinc-pole with the button e of 
the galvanometer. Connect the two buttons, e and dy of the 
galvanometer by a copper wire of small resistance, and put 
d to earth. By depressing / the current passes to earth 
through the shunted galvanometer, the resistance of which 
is so small that it may be neglected, and a certain deflection 
u is found on the scale. Then put between the zinc-pole 
and the galvanometer a resistance E so great that the 

deflection is only = ^ ; K will be = the resistance of the 

battery. 

With a Daniell's battery of 140 cells, and a galvanometer 
with a resistance of 10700 Ohms, a copper wire with a re- 
sistance of '2 Ohm was used, and a deflection of 120° obtained. 
By placing in the circuit a resistance of 3500 Ohms, the 
deflection of 60° occurred ; the resistance of the battery was 
therefore 8500 Ohms, or 25 Ohms per cell. 
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If a battery, such as Leclanch^'s becomes polarized, when 
working on short circuit, its resistance may be determined 
by a second methody by putting between the zinc-pole and the 
galvanometer, not shunted, which has a resistance ff, a re- 
sistance r, giving a deflection u' ; this resistance is increased 

to E, giving a deflection - ; the resistance x of the battery is 
then found by : 

If g is so small compared to B, that it may be neglected, 

then 

a? = B-.2r. 

If the deflection is halved by increasing the resistance 
from 4000 to 10,000 Ohms, the resistance of the battery is 
2000 Ohms. 

The resistance of the battery may be determined by a third 
method^ by first using a resistance r, and the galvanometer 
shunted with a resistance s, giving a deflection u' ; by re- 
moving the shunt and inserting a resistance B the same deflec- 
tion u' is obtained ; E is = the electromotive force. We find : 

_E 8 E« _ E 

^^Jr + 9) ' 8 + r+g' x(8 + r+g) + 8{r + g) " x + ^+g 

'^s+r+g 

E- r 

X = 8 • 

g + r 
lig + ri8 made = s, then : oj = E — r. 

14. THE EESI8TANCE OFFEEED BY THE EAETH- 

PLATE. 

To detect that an earth-plate offers resistance one cell is 
connected by its copper-pole to earth, and by its zinc-pole 



14 



ELBOTBIC TESTING OP TELEGRAPH CABLES. 



through a high resistance and the galvanometer to another 
earth ; a certain deflection is then found on the galvanometer 
scale. The two wires, one from the copper-pole and the 
other from the galvanometer, are then connected together, 
instead of being both put to earth, and the deflection will be 
the same as before, if the earth-plates are in good order. 
Should the latter deflection be greater than the former, the 
earth connection is faulty ; and as this often arises from the 
earth being dry, this fault may often be prevented by keeping 
the earth around the plate drenched with water. 



16. EXAMPLES. 

Example 1. 

Length of the core = 5 knots. 

Temperature .. = 70° F. 

Number of elements in the battery . . = 4. 

Batio of balance . . = • 

10 

During testing, the following columns in a jov/mal are 
daily to be filled up. Columns 1 and 2 are given ; cols. 3, 
4, and 9 are read from the resistance-box ; and cola 5 to 8 
are to be calculated. 



Length 

of Core 

in knots. 


Tem- 
pera- 
ture. 


Measured 
Resist- 
ance of 
Leading 
Wires. 


Measured 

Resistance 

of Core and 

Leading 

Wires. 


True Re- 
sistance 
of Core. 


Resist- 
ance at 
75° F. 


Resist- 
ance per 
knot at 
75° F. 


Specific 
Conduc- 
tivity. 


Resist- 
ance 
of Gal- 
vano- 
meter. 


1 


2 


3 


4 


5 


6 


7 


8 


8 


5-000 


IQP 


130 


2244 


21-14 


21-36 


4-272 


93-03 


6860 
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The true resistance of the core is the resistance of the 
core and leading wires, minus the resistance of the leading 
wires, divided by the ratio of balance, or : 

2244 - 130 



1000 



= 21-14 Ohms. 



10 

As the test has been taken at a temperature of 70^ F. 
the resistance at 75° F. will be : 

21-14(1+ -0021 X 6) = 21-36 Ohms. 

And as the length of the core is 5 knots, the remtance per 
knot, at 75°, is : 

^^'^^ = 4-272 Ohms. 
5 

The resistance of a pure copper conductor with a weight 
of 300 lbs. per knot being 3*9744 Ohms, the spedfie con- 
ductivity of the copper conductor will be : 

^•^^/t.1.^"" = 93-03. 
4-272 

The conductivity is calculated by using logarithms as 
follows : 

log.a;= -.log.21-14-log.l-0105+log.5+log.3-9744+log. 100, 
or log. 21 -14 =1-3261060 

log. 1-0106 = 0-0046363 

1-3296413 

log. 5 = 0-6989700 

log. 3-9744 =0-6992716 

log. 100 =2-0000000 

3-2982416 



log. a = 1 - 9686003 
X = 9a- 03 
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EXAMPLB 2. 

Length of the cable 

Temperature 

Number of cells 



Ratio of balance 



The following results were found : 



= 100 knots. 

= 70° F. 

= 5. 

^ 1000. 
100 



Length 

of 
Cable 

in 
knots. 


Tem- 
pera- 
ture. 


Measured 
Resist- 
ance of 
Leading 
Wires. 


Measured 

Resistance 

of Cable and 

Leading 

Wires. 


True 
Resist- 
ance of 
Cable. 


Resist- 
ance at 
75° F. 


Resist- 
ance 
per knot 
at 75° F. 


Specific 
Conduc- 
tivity, 


Resist- 
ance 
of Gal- 
vano- 
meter. 


1 


2 


8 


4 


5 


6 7 8 


8 


100 


70° 


31-3 


4260-3 


422-9 


427-3 4-273 93-00 


6956 



B— THE CHARGE OP THE CABLE. 

16. PEACTIOAL EXECUTION OF THE TEST. 

The arrangement of the apparatus is indicated in Fig. 3a. 
The copper-pole C of the battary B is connected through the 
key BK to earth, and the zinc-pole Z through the key BK 
to the screw s of the discharge-key DK. 

The screw 8 of the charge or discharge-key DK being 
connected to the zinc-pole, the screw t is connected to earth 
through the shunted galvanometer, and the screw u is con- 
nected to one end of the cable through the plug p of the 
commutator Cm. 

The other end of the cable is well insulated. 
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The end screws m and n of the shunt Sh are connected to 
the screws e and d in the bridge of the galvanometer. With 
a battery of 10 cells, a shunt may be used at the cable, 
varying from 200 to 10, as the length of the cable is increased 
from 10 to 200, the shunt multiplied by the length or the 
charge of the cable always giving the same value. Suppose 
a shunt of 2000 used with a condenser, having a capacity of 
•5 microfarad; the shunt of 2000 multiplied by the charge 
•5 is =1000. 

When the cable has been charged for one minute by de- 
pressing the button j of the discharge-key, j is released 
and r depressed, and the cable will be discharged to earth 
through the shunted galvanometer. 

300° to the right of zero may be taken as the starting 
point, so as to afford as large as possible a deflection on the 
scale of the galvanometer. The deflections are then read to 
the left. 

To find the charge or the electro-static capacity of the 
Direct United States Cable, Sir Wm. Thomson employed 
another method : 

By depressing the arm / of the battery-key BK, Fig. Sb, 
the current from a well-insulated battery of 80 cells was 
kept flowing on the one side through a resistance of 20,000 
units, and on the other through a variable resistance R to 
earth. By depressing the arm j, the condensers of a total 
capacity of 80 microfarads were connected to the resistance 
of 20,000 units, and by depressing the arm r the cable was 
connected to the resistance B, and the condensers and the 
cable were charged to opposite potentials, which were found 
equal when the resistance R was 1615 units. When the 
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condensers and the cable were then connected, for 5 seconds, 
by inserting the plug p in Cm, and, by inserting the plug _p', 
discharged through a galvanometer G, well shunted to avoid 
over sensitiveness, no deflection was obtained. The capacity 

of the cable was -tttt^ x 80 = 991 microfarads, or as the 

IdId 

length of the cable was 2420 knots, the capacity was 0*409 

microfarad per knot. 

17. CONSTANT c OF THE CONDENSER. 

For the determination of the charge a condenser is used, 
the capacity of which is known. In the core factory the 
capacity of the condenser was '319 microfarad; in the cable 
factory it was • 50 microfarad. 

When the charge of the condenser is to be measured, the 
condenser, instead of the cable, is charged by removing the 
plug p to p\ Fig. 3a. One screw of the condenser is 
joined through the plug p' in the commutator Cm, 6md 
through u and 8 in the discharge-key to the zinc-pole; its 
other screw is put to earth. The condenser is charged for 
1 minute by depressing q\ it is then discharged instan- 
taneously through the shunted galvanometer, by releasing q 
and depressing r. In reading the deflection U3, which 
generally is put = constant c, a shunt should be used of 
such a value that the deflection with the condenser is the 
same, or about the same^ as the deflection with the cable. 
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18. CALCULATION OF THE CHAEGB. 

The cable and the leading wires are charged for 1 minute, 
then insulated for 1 minute, by releasing y, Fig. 3a; then 
discharged hj depressing r ; the charge passes through the 
galvanometer to earth, and on the scale of the galvano- 
meter a deflection U will be obtained. 

The cable is then charged for 1 minute and instantaneously 
discharged, a deflection U' being obtained. 

The percentage loss of charge in the cable in 1 minute is 
then : 

U' -U 



U' 



X 100. 



The leading wire, when charged for 1 minute and instan- 
taneously discharged,, gives a deflection = u. The charge 
of the cable alone after 1 minute is then expressed by : 

U' - tt = Uj,. 

The condenser, when charged in 1 minute and instantly 
discharged, gives a deflection U3, which is generally termed 
the constant c. 

It is advisable to ascertain the state of the insulation of 
the condenser by charging it through the galvanometer ; if 
the condenser is well insulated the spot of light will imme- 
diately return to zero when the charge is completed, whilst 
if it is faulty a constant deflection will be observed. 

With cables of short length, and with leading wires and 
the condenser, it is suflScient to charge for 15 seconds 
instead of 1 minute, where rapidity is required. 
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If the condenser has an inductive capacity C, then the 
spedfie indudive capacity x of the cable is expressed by : 

U3 U2 U2 X Ua X 
— - = — : or, a; = — = — = . 

C a ' ' Us c 

When a shunt with a resistance 8 has been used with the 
cable, and has a multiplying power v = ^, where g is 

8 

the resistance of the galvanometer ; and when a shunt with 
a resistance s' has been used with the condenser, and has a 

multiplying power v' = r^; the deflection e has to be 

multiplied by v' and divided by v, then : 

U2 X _ XJ2 X t? X C . 

v' c X ^' 

cx- 

V 

As the inductive capacity of a cable is directly propor- 
tionate to its length, the inductive capacity per knot, when 
the cable has a length Z, will be : 

U2 X « X C 

X = r-. 

c X « X i 
If logarithms are used the formula will be : 
log. X = log. C + log. V -{- log. Ua - log. c - log. v' - log. L 

19. EXAMPLES. 

Example 1. 

Length of core =5 knots. 

Number of cells =20. 

Inductive capacity of the condenser = 'SIQ microfarad. 

Shunt with the core = 100 Ohms. 
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^hunt with the condenser 

Besistance of the galvanometer 

Deflection from discharge of the leading wires 



500 Ohms. 
5850 Ohms. 
2. 



The following journal is daily to be kept : 



Shunt 

with the 

Core. 


Deflection 
after !"» 
Charge 
and 1™ In- 
sulation. 


Instan- 
taneous 
Deflection 
after 1™ 
Charge. 


Percent- 
age Loss 
of Charge. 


Shunt 
with the 
Con- 
denser. 


Deflection 

from 
Condenser 

= c. 


Total 
Charge. 


Charge 

per 

Knot. 


1 


2 


8 


4 


6 


6 


7 


8 


100 


662° 


662° 


1-61 


500 


460° 


2-199 


•4398 



The deflections 2, 3, and 6 are read to the left; of the 
scalOy with 300° to the right of zero as starting point. 
The deflections noted under 2 and 3 are the deflections 
from which are subtracted the deflection from the leading 
wires. 

The percentage loss of charge is : 



662 - 652 
662 



X 100 = 1-51. 



V = 



As the shunt with the core has a multiplying power 

- = 59 • 50, and the shunt with the condenser 



100 



u- 1 • ' 500 + 5850 lo rrn .u ^ . 

a multiplymg power v = ^^ = 12*70, the reduced 

12*70 
deflectidn of the condenser is = 450 x ftt-^tt; = 96*05. 

59 * 50 
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The whole inductive capacity of the core is : 

•319 X 



X = 



96-05 662 
319 X 662 



96-05 



= 2-199. 



The inductive capacity per knot of the core is : 

Hli^ = -4398. 
o 

When logarithms are used : 

log. aj = log. •319+log. 59-50+log. 662-log. 450-log. 12-70- 

log. 5. 

log. -319 = 0-5037907 - 1 
log. 59-50 = 1-7745170 
log. 662 = 2-8208580 



log. 450 = 2-6532125 
log. 12-70 = 1-1038037 



4-0991657 



3-7570162 



log. 2-199 = 


0-3421495 


log. 5 


0-6989700 


log. X 


0-6431795 - 1 


X = 


0-4398 


EXAMPLX 2. 




Length of cable • 


= 100 knots. 


Number of cells 


= 10. 


Charge of the condenser . . 


= -50 microfarad 


Shunt with the cable 


= 20 Ohms. 


Shunt with the condenser . . 


= 2000 Ohms. 


Besistance of galvanometer 


= 5955 Ohms. 

* 


Deflection from the leading wires 


= 0. 
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Shunt 

with the 

Cable. 


Deflection 
after 1™ 
Charge 
and 1™ In- 
sulation. 


Instan- 
taneous 
Deflection 
after 1»» 
Charge. 


Percent- 
age Loss 
of Charge. 


Shunt 
with the 
Con- 
denser. 


Deflection 

from 
Condenser. 


Total 
Charge. 


Charge 

per 

Knot. 


1 


2 


8 


4 


6 


6 


7 


8 


20 


482° 


489° 


1-50 


2000 


418° 


44-0 


0-4400 



C— THE INSULATION OF THE CABLE. 



20. PEACTICAL EXECUTION OF THE TEST. 

ff 

The arrangement of the apparatus is indicated in Fig. 4. 
The copper-pole of the battery is connected to earth, and the 
zinc-pole to the screw b of the short-circuit key SK ; one end 
of the cable is connected to the screw e of the key SK, 
whilst its other end is well insulated. 

When / is depressed, the current from Z passes through 
the short-circuit key from b through c into the cable, the 
other end of which is insulated, so that the current is obliged 
to pass through the dielectric to earth. In order that the 
charging current may not affect the galvanometer, the 
button a is not depressed, and the galvanometer put into the 
circuit, until J minute after the circuit is closed. When a 
is depressed, the current on arriving at b and e, on its way 
into the cable, will divide into two parts, of which the one 
passes through the shunt Sh, the other through the galvano- 
meter G, the deflection of which measures the strength of the 
current* The resistance which the currents meet with in 
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the dielectric so far surpasses all the other resistances that 
it is unnecessary to take notice of the latter. It is therefore 
supposed that the deflection is in inverse proportion to 
the resistance of the dielectric alone. 

K the insulation of a core or submerged cable is very low, 
say under 1,000,000 Ohms, it can be found in the same way 
as the copper-resistance (Fig. 2), the core or cable being con- 
nected to the screw n of the resistance-box, and having the 
other end insulated. The ratio of balance multiplied by the 
resistance B gives the insulation of the cable. 

21. OHM'S LAW. 
According to Ohm's Law : 

the strength of the current = The electromotiTe force E^ 

Kesistatice x 

As the strength of the current is here measured by the 

deflection U of the galvanometer, 

= — , or 

X 

E 

the resistance x of the Insulation = == • 

As E and U vary daily, E depending not only on the 
number, but on the strength of the cells, and U on the 
sensitiveness of the galvanometer, these two factors must 
daily be measured in reference to some unit. 

22. CONSTANT n OF THE BATTERY. 

The electro-motive force of the battery is measured by 
reference to the electro-motive force of one single cell, or 
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by the constant n. This is determined by charging the 
condenser instead of the cable (see Fig. 5) and removing the 
plug p to p'. 

The condenser is first charged during 1 minute from 1 cell, 
through 8 and u in the discharge-key by depressing q. By 
releasing q and depressing r, the condenser is discharged 
to earth through the galvanometer ; the deflection u is 
noted. The condenser is now again charged, but with the 
whole battery, by removing the wire v and connecting the 
wire X to the screw 8, and a shunt is now used, which is 
varied until the deflection is = t^ as before. If the shunt 
has a resistance = s, and the galvanometer a resistance 

= ^, the multiplying power of the shunt will be = '"^ 

8 

which may be put = n, and the battery will thus work with 
a strength of n cells. 

Instead of the variable shunt, a constant shunt is generally 

used, and the two discharges then give two different deflec- 

u' 
tions : u and u'. The constant n is then = — . Should with 

u 

u' a shunt Va have been used, then n = -L- . 

u 



23. CONSTANT </» OF THE GALVANOMETEE. 

The sensitiveness of the galvanometer, evaluated by the 
constant 0, is determined as follows : only 1 cell is used as 
a battery (Fig. 6) ; one end of a resistance-coil of 10,000 S.U. 
is connected to the cell; its other end being connected 
to earth, through the key SK and the galvanometer. A 
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almnt with resistance »' and multiplying power v* is used. 
When a deflection ^ hjas thus been obtained, we find 
according to Ohm's Law : 

I , 1 element 
" '^ = 10000 S.U. ' ^' 

«' 6 = Ohms. 

^ 10000 X -9536 

If a sufficiently high resistance, including the resistaiice h 
of the battery, g of the galvanometer, and « of the shunt, or 

h + -^^, say of 2,000,000 Ohms, is attainable, or if the 

galvanometer is very slightly sensitive, the constant ^ of the 
galvanometer may be determined by using the whole hattery 
of, say, 200 cells ; the resistance of the battery, say, 25 Ohms 
per cell, has then to be added to the resistance of the coil. 
The use of such a high resistance facilitates the test, as it is 
not necessary to determine the constant of the battery, that 
is, the electro-motive force of the battery compared with the 
electro-motive force of one cell. 
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The current is first led only into the leading wires, which 
are not yet connected to the cable. After J minute the plug 
of the galvanometer is removed, and after another ^ minute 
the deflection v!y is read. If the deflection after 1 minute 
from cable and leading wires is U, then the deflection from 
the cable only will be : 

U - tt' = U'. 
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If a shunt 8 with a multiplying power v has been used^ 
the deflection U' has to be multiplied by Vy and t; U' is a 
measure for the insulation. The resistance 8 of the shunt 
will be in inverse proportion to the length of the cable. 

The shunt as well as the galvanometer has always to be 
well insulated. 

It should be observed that the deflection <p is taken on the 
same side of zero of the scale^ and, if possible, at nearly the 
same point of the scale, as the deflection U' from the cable. 

When these two deflections are compared, we obtain : 

^''^^''^'^lOOOOx -9536 '1' 

or the resistance x of the insulation is 

_ nxv' X <I>X 10000 X -9586 

If the galvanometer is feebly sensitive, the constant ^ can 
be determined from the whole battery, that is to say, from 
n elements, and should a shunt be used with the multiplying 
power V2 : 

, n «2 X <^ X 10000 X -9636 
^'^^^ 10000 X •9536''^'^ = ^F 

This equation being independent of n, it is in this case 
unnecessary to know the strength of the battery. 

As the insulation is in inverse proportion to the length of 
the cable, which can be put = I knots, the insulMion per knot 
will be 

_ w X t;^ X <^ X 10000 X -9536 x I 
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The resistance of the insulation diminishes as the tempera- 

twre increases, and if the resistance « Z is measured at, for 

instance, i degrees below or above 75° F., the resistance 

xl 
calculated at 15P F. will, with Hooper's core, be tttto^ > ^^ 

xl X 1' 026* (see Table II.). This number, with which it 
has been necessary to divide or multiply the result, so as 
to reduce from one temperature to another, is termed the 
temperature coeflBcient. When therefore the insulation has 
been measured at t degrees below 75^, the insulation per 
knot at 75° will be 

_ n X t?^ X </> X 10000 X '9536 x l ^ 
« X U' X 1-026* 

The resistance at 75° F. for gutta-percha will be found by 
using in the formula, instead of 1*026* as with Hooper's 
core, 1*076* with ordinary gutta-percha (see Table III.), 
and 1*080* with Willoughby Smith's gutta-percha (see 
Table IV.). 

If the constant of the galvanometer is taken with the 
whole battery, a shunt v' = 100, and a resistance of 10,000 
Ohms, then the insulation at the observed temperature will 

be = ^— , megohms. 

When the temperature cannot be correctly measured by 
a thermometer, as when the cable is in a tank, sometimes 
full of water, sometimes without, or when it is paid out into 
the sea, the temperature of the cable may be calculated by 
its copper resistance, when this resistance at 75° F. is known. 

If the resistance of a cable per knot at 75° F. is known to 
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ft 

be 4*25 Ohms, and the measured resistance is 4*00, then 
the temperature of the cable is found as follows : 

4-25 (1 - -0021 (75-f) ) = 4-00; 

4-25 -4-00 ^^^, ,„^ „. 
'''' F25 = '^^^^ ^^^"^ )' 

P - 7^o _ 4-25 - 4-00 
•0021 X 4-25 

which gives t = 47°. 

If it should be required to determine the insulation 
after 2 mimdes* electrification, the deflection is read after 
2 minutes, and the calculation made as previously described. 

If the calculation be made by logarithms, the following 
fDrmula is used : 

log. X = log. n + log. v' + log. + log. 10000 + log. • 9636 
- t log. 1 • 026 - log. V - log. U' + log. I 

25. INSULATION TEST BY LOSS OF CHAEGE. 

The spot of light reflected on to the scale of the galvano- 
meter is often very unsteady during the insulation test. 
This may be caused by the battery being strongly polarized, 
or by the connection to earth being faulty, or by adjoining 
machines making the test-table shake, or by cables being 
coiled into tanks near to the cable under test, or in a laid 
cable by earth-currents. This unsteady deflection occurs 
particularly with india-rubber cables. 

For india-rubber cables it may be advisable to confirm 
the insulation test by determining the loss of charge. If a 
cable, charged from a battery of 10 to 20 cells for 1 minute. 
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insulated for 1 minute ( = and discharged, gives tke 
deflection v! ; and the same cable, charged for 1 minute and 
then instantly discharged, gives a deflection u, then the 
charge will fall to half charge in l! minutes, and 

,,_^^^'^, 0-30103. 

The inBulatton resistance per knot in megohms may 

,, ^ , ^ 1-443 X 60 X ^ -4343 x 60 x < 
then be expressed by j^ = , 

^ Clog. !i 

where C is the charge in microfarads per knot, and t is ex- 
pressed in minutes. 

The resistance found in this way will generally be higher 
than that taken directly after 1 minute's insulation, and 
agrees better with the resistance of the 2^ minute, and which 
depends on the absorption of electricity by the dielectric, or 
the electrification of the cable, until it is fully charged. 

Example. — If the deflection falls in 1 minute from 100 to 

98-5, 

_ 0-30103 _ 0-30103 

-, JLOO^ " 0-00655 " 

The insulation resistance at the existing temperature is 

1-443x60x 46 
= jyTT^ = 8658 megohms. 

Another method is, when cables of high insulation resistance 
have to be compared, to charge the cable through the 
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shunted galvanometer for 10 seconds, reading the imme- 
diate deflection u ; then to insulate the cable for 1 minute, 
and recharge it through the galvanometer without shunt, 
reading the immediate deflection u'y which indicates the 
quantity of electricity required to refill the cable to its 
original charge. The shunt may be given such a resistance 
that the deflection u with a good cable is equal to u'. 
Different cables may then be easily compared with this one. 

26. INSULATION TEST BY THE ELECTEOMETER 

The insulation of a cable may be found by means of an 
electrometer, and this instrument enables us to notice the 
continuous fall of charge in a cable. A very thin, flat 
aluminium needle is suspended between two plates, charged 
with electricity. If the needle has a negative charge, it 
will be repelled from the one plate, which is negative re- 
lative to the other plate, and the motion of the needle will 
be indicated by the motion of the spot of light, reflected 
by a mirror attached to the needle; the deflection will be 
sensibly proportional to the difference of charge in the two 
plates. 

One pole of the battery is to earth, its other pole is per- 
manently connected with one plate of the electrometer, and 
by a short contact of 15 seconds with the other plate, which 
is in connection with the cable. The two plates are there- 
fore, when the short contact is first broken, at the same 
potential or electro-motive force; but the potential of the 
plate connected with the cable will fall, in consequence of 
the leakage through the dielectric of the cable, while the 
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potential of the other plate will remain unchanged, and the 
spot of light will move from its first undeflected position. 

As the deflection ought only to increase in a certain pro- 
portion, the condition of the cable may be ascertained by 
observing the deflection every fifth or tenth minute. 

The insvlaiion I of a cable, in megohms per knot,'is calcu- 
lated by the following formula : 

j^ '4343< 

"Clog.!^' 

where C is the charge in microfarads, u the first observed 
deflection on the electrometer scale, and Wi the deflection 
after any time t, expressed in seconds. 

Example. — ^If the deflection after 1°" 45^ is 395, and after 
2°" 15* is 391-5, and the charge is = -44, then : 

I = — ^ s= 7660 megohms. 

•44 X log. -?^ 

The electrometer can be used in every test, when a con- 
denser is ordinarily employed, by substituting the electro- 
meter for the condenser and the galvanometer. 

The electrometer is supposed to have, compared with the 
galvanometer, some advantages, when used for testing short 
coils of high dielectric resistance, or cables in course of 
sheathing, while machinery is in motion, or for testing 
several cables at the same time, especially when tests of 
long electrification are taken, or for testing a paid-out cable 
affected by earth-currents. But if the electrometer is damp, 
its indications are incorrect, and as, in spite of every pre- 
caution, it is difficult to keep it from effects of moisture, the 
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insulation test of a cable should not depend only on measure- 
ment with an electrometer. 

27. STEONG BATTEEIES WITH CHANGING CUEEBNTS. 

It is desirable at the daily testing of an india-rubber core 
to have, for half an hour before testing, a battery of 500 cells 
with reversing currents connected to the core. The insular 
turn test is then to be taken by connecting the core, first, for 
5 minutes to the adnc-pole of the battery, reversing the 
current for 2 minutes, leaving the core to earth until it is 
quite discharged, and then connecting it for 5 minutes to 
the coppei>pole, noting the deflection at every minute ; the 
deflections obtained from both currents ought to fall in the 
same proportion. With a standard Hooper's core, the 
deflection at the fifth minute is half the deflection at the 
second minute. 

The same operation is performed at the final test of a 
cable, only the deflections are in this case noted for 15 
minutes, instead of 5 minutes. 

28. EXAMPLES. 

EXAUPLB 1. 

Length of india-rubber core . . = 5 knots. 

Temperature = 70° F. 

Number of elements (generally 

250) here = 100. 

Eesistance of galvanometer . . = 5850. 
Deflection from the leading wires = 3. 

Shunt with core =0;v = oo. 

Shunt with galvanometer . . = 10 Ohms; v = 586. 
Shunt with battery =100 Ohms ; t;2 = 59*5. 
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The following eight columns are to be filled up in a 
journal ; 1, 3, and 5 are given, 4 and 6 are read, and the 
others are calculated. 



Shunt 

with 

Batterj. 


Constant 

n of 
Battery. 


Shunt 
with Gal- 
vano- 
meter. 


Constant 

<^of 
Galvano- 
meter. 


Shunt 
with 
Core. 


Deflection 
after 1"». 


Total In- 
sulation 
at 75°. 


Insula- 
tion per 
Knot 
at 75°. 


1 


2 


8 


4 


6 


6 


7 


8 


100 


93-40 


10 


260° 





139° 


900 


4500 



If the deflection is with 1 cell = 280° and with 100 

59-5 X 440 



cells and a shunt of 100 = 440°, then n is = 



280 



= 93-40. 

The coefficient of temperature, or 1*026*, is found in 
Table II. = 1 • 137. 

Total insulation at 75° = 

nxv^X<l>X 10000 93 • 40 X 586 X 260 x 10000 ^^^ , 

U' X 1 • 026* = 139x1-137 = ^^^ megohms. 

Total Insulation per knot at 75° = 900^ x 5 knots = 4500 
megobms. 

If the calculation be made by logarithms : 

log. X = log. n+ log. v' + log. <!> -f log. 10000 - log. 1 • 137 - 

log. U' + log. 5. 
log 93-40 = 1-9703469 log. 1-137 = 0-0557605 

log. 586 • = 2 • 7678976 log. 139 = 2 • 1430148 

log. 260 = 2-4149733 

log. 10000 = 4-0000000 2-1987753 

11-1522178 

2-1987753 



log. 900 =8-9644425 
log 5 =0-6989700 

log. 4500 9-6534125 
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Example 2. 

Length of india-rubber cable = 
Temperature 
Number of cells . . 
Besistance of galvanometer 
Shunt with cable 
Shunt with galvanometer 
Shunt with battery 



100 knots. 

70° F. 

100. 

5955 Ohms. 

3000; V = 2-985. 

50; t;'= 120-1. 

80; t;2= 75-44. 



Shunt 

with 

Battery. 


Constant 

n of 
Battery. 


Shunt 
with Gal- 
vano- 
meter. 


Constant 

<^of 
Galvano- 
meter. 


Shunt 

with 

Cable. 


Deflection 
after 1™. 


Total In- 
sulation 
at 75°. 


Insula- 
tion per 
Knot 
at 75° 


1 


2 


8 


4 


6 


6 


7 


8 


80 


97 


50 


540° 


3000 


412° 


45-00 


4500 



X = 



2-985 X 412 X 



Example 8. 

Length of gutta-percha cable = 

Temperature = 

Number of cells = 

Resistance of galvanometer. . = 

Shunt with cable = 

Shunt with galvanometer . . = 

Shunt with battery . . . . = 



75 knots. 
60° F. 
200. 
10560. 
1500; V 
70; v' ^ 
42; V2-- 



8-04. 

151-86. 

25-24. 



Shunt 

with 

Battery. 



42 



Constant 

n of 
Battery. 



Shunt 

with Gal 

vano- 

meter. 



2 



252-42 



8 



70 



Constant 

<^of 
Galvano- 
meter. 



Shunt 

with 

Cable. 



Deflection 
after 1™. 



6 



148^ 



1500 



390^ 



Total In- 
sulation 
at 75°. 



Insula- 
tion per 
Knot 
at 75°. 



8 



450 



252-42x151-86x148x10000x75 ..^ , 
8.04 ^ 390 ^ 3.013 = ^50 megohms. 

D 2 



X = 
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Example 4. 

Length of gmtta-percha core = 2 knots. 

Temperature = 75° F. 

Number of cells = 200. 

Kesistanee of galvanometer, . = 5620. 

Shunt with core = 3000 ; v 

Shunt with galvanometer . . = 20 ; v' 
Shunt with battery . . . . = 33 ; V2 



2-8733. 

282. 
171-30. 



Shunt 

with 

Battery. 


Constant 

n of 
Battery. 


Shunt 
with Gal- 
vano- 
meter. 


Constant 

<^of 
Galvano- 
meter. 


Shunt 

with 

Core. 


Deflection 
after 1°». 


Total In- 
sulation 
at 75^ 


Insula- 
tion per 
Knot 
at 75^ 


1 


2 


3 


4 


6 


6 


7 


8 


33 


171-30 


20 


188° 


3000 


262° 


125 


'250 



171-30.282.188.10000.2 „.^ , 

''^ 252.2-8733 = 250 megohms. 



D— THE INSULATION OF A JOINT. 

29. PRACTICAL EXECUTION. 

For this test, in addition to the apparatus described, a 
well-insulated trough is used, 3 feet long, and full of water 
(Fig. 7). The joint, when it has become quite cool, and has 
been soaking in water for 3 hours, is with a copper-plate P 
connected to an insulated copper-wire, lowered into the 
trough. The core on each side of the joint is then carefully 
dried. 
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The battery is of the same strength as at the insulation 
test, or 500 cells. 

It is necessary first to test the insulation of the trough 
and leading wires by loss of charge. By connecting P to t*, 
and depressing q for 15 seconds, the plate P is charged from 
Z through the key BK and the wire oj. The plate is in- 
stantaneously discharged by releasing q and depressing r, 
the discharge passing through hy the galvanometer, and c to 
earth. The trough is again charged, kept insulated for 
1 minute and discharged. If the loss of charge, when the 
leading wires are short, is more than 2 — 3 per cent., the 
trough is badly insulated, and its insulation must be 
improved. 

A test should be taken to prove that all connections are 
m order. The joint J is connected to A?, and when / is de- 
pressed, the current from Z passes through BK to the joint, 
which is then charged ; an induced current in the water of 
the trough is produced, which current is taken up by the 
plate P. After J minute, r is depressed, and the plate P 
discharged through the galvanometer to earth. 

The plate P is connected to s, the condenser to w, and q is 
depressed ; the joint is connected to A?, and / is depressed 
for 1 minute, during which time the condenser becomes 
charged with the quantity of electricity that passes through 
the dielectric. At the end of 1 minute, q is released and r 
depressed. The charge of the condenser passes then through 
hy the galvanometer, and c to earth, and the amount of the 
charge is determined by the deflection of the galvanometer. 

If the joint is then instantly discharged to earth by 
releasing /, an induced current in opposite direction to the 
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first will be produced in the trough, and will, when P is 
connected to 6, give the same deflection on the scale of the 
galvanometer as the first current, if all is in order. • 

The insulation of a joint may often be easily determined 
by another method, by connecting the battery to the insu- 
lated trough. The leakage from the charged trough through 
the joint into the cable can be measured by noting the 
deflection on the galvanometer at the discharge of the cable, 
after the joint has been immersed for 5 minutes. 

When a defective joint, which often is the result of a flaw, 
is met with, Warren advises to use a third method : First, 
well clean it with water or naphtha, unless there is fear 
that the naphtha will conceal the defect. Connect it to an 
electrometer, and charge the entire joint by grasping it with 
the hand ; then let the outer surface be freed. The operator 
then tests the piece of core on one side of the joint, taking 
care not to touch the insulator junction, by gradually wetting 
with a camel's-hair pencil, which is in communication with 
the earth. The other side is dealt with in the same way. If 
the electrometer shows no fall of tension, the fault is in some 
part of the joint ; the junctions are next tested separately by 
passing the pencil carefully around them. Dry carefully 
the parts found defective, and proceed in the same way to 
test the joint itself; this is best done from the middle, going 
carefully round the core towards one of the ends or junctions. 
A galvanometer will serve equally well for this test unless 
the loss from the joint is very small. 
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30. STANDABD FOE JOINTS. 

No more electricity should pass in a certain time through 
a joint to the plate F, than would pass in the same time 
through a faultless core twice as long as the joint, or 6 feet 
long. The test ought therefore first to be made with 6 feet 
of faultless core and then with the joint. To simplify the 
test it may however be agreed that the charge received 
through the joint, which has been connected to the battery 
during 1 minute, must not be larger than say • 0005 microfarad, 
ov TTnnr pfti^ of the charge of a condenser, the charge of 
which is "5 microfarad. If the full charge of a condenser 
through a shunt, with a multiplying power of 2000, gives a 
deflection u, the charge, which the condenser has received 
in 1 minute through the joint, ought only to be so great 
that, when charged, it gives, through a shunt with a multi- 
plying power of 2, a deflection not greater than u. 

The condenser must be entirely discharged when used for 
testing joints, and a special condenser ought to be reserved 
for this use. 
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E.— THE POSITION AND MAGNITUDE 

OP A FAULT. 

31. SIGNS OF FAULTS. 

Larger fanlts^ as a break in the conductor, or a hole in the 
india-rubber, are easily discovered, as there will be obtained 
a smaller charge or a smaller insulation than in the faultless 
cable ; small faults are more difficult to ascertain, but that 
they exist may be assumed : 
When the copper-remtance at 75° F. is found to be lower in 

the cable than it was in the core ; 
When the charge diminishes ; 

When the loss of charge of the cable after 1 minute's 
charge and 1 minute's insulation increases, and is, for 
instance, at 60° F. with india-rubber more than 3 per 
cent., and with gutta-percha more than 15 per cent.* 
of the original charge ; 
When at the insviation test, the fall of the deflection from 
the 1st to the 2nd minute is too small, and is for in- 
stance, at 60° F. with india-rubber less than 20 per 
cent., and with gutta-percha less than 4 per cent. 
If the needle of the galvanometer is very unsteady during 
the loop test, it is likely that two faults may be found in the 
cable. 

If a fault is small, the best plan is to enlarge it by in- 
creasing the number of cells in the battery to 100 elements in 
a paid-out cable, and to 1000 elements in a cable in course of 

See L. Clark and B. Sabine : * Electrical Tables and FormnlA,' 1871, p. 121. 
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mannfactare, changing the current, for instance, every 5th 
minute, until the fault is perfectly broken down. 

When the zinc-pole is connected with the cable, the con- 
ductor will be coated with hydrogen and the iron wires with 
oxygen, and this polarization will create a current in the 
cable, so that the cable disconnected from the battery will 
give a deflection on the galvanometer-scale, say to the right. 
If the copper-pole is connected with the cable, the hydrogen 
on the conductor will be reduced and replaced by oxygen, 
while the iron wires will be coated with hydrogen, and the 
cable current will give a deflection in the opposite direction, 
or to the left. There is a moment when these opposite 
actions of the hydrogen and the oxygen are apparently 
balanced, where the end of the wire is unpolarized and pro- 
bably uncoated, and then only can its correct resistance be 
determined. The test is then quickly made, alternately 
with negative and positive currents, the mean of which is 
taken. 

As the current, when the copper-pole is connected to 
the cable, oxidizes the exposed conductor, the insulation of 
the cable is apparently improved, but at the same time some 
of the conductor is consumed. To preserve a cable it is 
therefore better to have the zinc-pole connected to the cable. 

When the zinc-pole is connected with a broken cable, its 
copper-resistance ought to diminish as the conductor is 
de-oxidized; but if it does not diminish at first this may 
arise from the formation of hydrogen bubbles on the conductor, 
which increase its resistance, and the current must then be 
kept on until the resistance decreases and finally remains 
almost unchanged. It is well in a broken cable to connect 
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the zinc-pole to the conductor for a certain time, say 12 hours, 
and then change the current every 5th minute. 

As the strength of the cable-current may be equal to that 
of about one Daniell's cell, the larger the number of cells 
used in testing the less this cable-current will influence the 
result. Sometimes however it is advisable to use small 
battery-power, to diminish the polarization and render the 
measurement steadier. 

The proper resistance of the fault will often be equal to 
the resistance of two or three miles of core, so that the real 
distance to the fault is two or three miles less than that 
shown by the test. 

32. TEST FEOM BOTH ENDS OF THE CABLE. 

The test can be taken from both ends of the cable, when 
in course of manufacture, or when the fault is so small, that 
it is possible to work through the cable, or when there are 
two telegraph lines between the two stations. This test, 
termed the loop test, is independent of the resistance in the 
fault, and should be used whenever possible. 

The cable in which there is a fault at p, Fig. 8, is con- 
nected with its ends to m and n in such a way, that the 
fault is nearer to m, and thus nearer to the resistance-coil E, 
it being impossible to establish equilibrium unless this con- 
dition is fulfilled. 

The earth wire, which is generally connected to the point 
m of the Wheatstone bridge, is removed, as the current here 
passes to earth through the fault. 

The battery should contain as many cells as possible. 
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Batio of balance is to be yaried until the proportion is 
found, from which the position of the fault can be determined 
with the greatest accuracy. 

The copper-resistance B in the faultless cable is supposed 
to be known from earlier tests ; the length of the cable is I. 
When the fault has shown itself, the resistance of the greater 
length np is put = y, the resistance of the smaller length 
mp = z, and the resistance of the fault = q. The resistance 
E has now to be decreased to Ei to cause the needle of the 
galyanometer to remain at zero. 

Then: 

and y + 2 = B^ + « -f- 5, or y = B^ + «. 

Consequently : 

B — Bi 

The distance x of the fault from m is found from the 

equation. 

B I zl 

-=--,oraj = — . 

Z X xC 

Example. 

Length of the cable = 120 knots. 
E = 500 Ohms. 
Ei= 160 Ohms. 

Then: 

y + z = 500, and y ^ 160 + «. 

Consequently : 

z = 170, and x = ^^^^— = 40-8 knots. 
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The test may be taken from both ends by another 
method : 

Insulate at the two ends alternately for 15 minutes, while 
the copper-resistance is taken at the other end with negative 
or positive current, alternately, every minute or half minute. 
The cable is insulated at m, and the resistance found by 
testing from the end n is : 

1^1 = y + 5 ; 

when the cable is insulated at n, the resistance found bv 
testing from the end m is : 

II2 = ^ "i~ ff« 



As E = y + », these three equations give : 



Ej — Ea = y — », and 

y ft ' 



If the earth-current is weak or constant, it may be 
advisable first to try to determine the position of the fault 
by a third method^ without employing a battery. The 
cable is insulated at the end m, Fig. 8, and put to earth at 
n through a galvanometer, properly shunted, the current 
through the fault at p in the cable giving a deflection u. 
A resistance E2 is put in circuit until the deflection u/2 is 
obtained, then B2 = y + ?> ^^ ^^ resistance of the galvano- 
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meter and the shunt may be neglected. In the same way^ 
from the end m is found : E3 = » + ? 5 

which with 1^2 = ^ + ? 

gives : Ea — E3 = y — 2?. 

We then have : E = y + », and 

we find : Eg — E3 + B = 2 y, or 

i y 2 

K fourth method of finding the copper-resistance consists 
in connecting both ends of the cable to earth through the 
galvanometer at the two end stations, where the deflections 
u and v! are read. If the length of the cable is = Z, and the 
resistance of the fault be not taken into consideration, then the 

fatilt is at a distance = — ; — ; x I from the one end, and 

u + u 

X I from the other end. If the resistances E and Ei 

« + 1^' 

are inserted between the galvanometer and the earth until 
there are obtained deflections only half those previously 
observed, then E + Ei gives the resistance of the cable 
4- twice the resistance of the fault. 

In the potential -method for finding faults Thomson's 
Quadrant Electrometer is very often used, but an ordinary 
galvanometer with a condenser may be employed. The ob- 
servations are taken simultaneously at both ends of the cable. 
To compare the deflections of the galvanometer at the two 
end stations, it is advisable to charge with a standard electro- 
motive force, such as L, Clark's Standard Cell, a standard 
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condenser, say of Vs microfarad, and to read the deflection, 
when the condenser is at both stations discharged through 
the galvanometer ; if the galvanometer at A gives 300^, while 
the galvanometer at B gives only 200 degrees, then 1° at A 
has to be put equal to Va^ a* B. 

The cable, with a fault at /, Fig. 9a, is at one end con- 
nected to a battery and resistance-coil K, its other end being 



Fig. 9a. 




BK 



insulated at the distant station at u, A current from a battery 
with the key BK is kept flowing through the resistance E and 
the cable. If there is only one fault, the potential of the line 
will fall gradually towards the fault, and be the same at the 
other end of the cable as at the fault. Consequently, if the 
potentials at Y and v are measured, and the electrician at 
the other end measures the potential at Uy that is, the same as 
at the fault /, sufficient data are obtained to determine the 
position of the fault. 

The arm q of the key DK, Fig. 96, is depressed, and 
making contact at a, charges the condenser to the potential 
of the point V ; after 15 seconds the condenser is discharged 
through the shunted galvanometer by releasing q and de- 
pressing r. This deflection having been noted, the potential 
at the point v is next ascertained in the same manner as that 
at V. Meanwhile the potential at u has been determined by 
similar operations, the end u having been connected to a 
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condenser simultaneously, or as near as possible simul- 
taneously, with the operations at the other end. We then 
have: 

— ~ — = ; X = JtC — . 

R X V-t; 



33. TEST FROM ONE END OP THE CABLE. 

a. By Copper-resistance. 

Where there is full connection to earth at the fault, the 
copper-resistance in the length n p, Fig. 8, is measured. 
Should this resistance be = r, whilst the resistance in the 
whole cable, which has a length I, is previously found, when 

T X, I 

the cable is perfect = R, then the length n^ is = — ij— • 

The copper-resistance may also be found by leading 
the current from two or more cells through the galvanometer 
with a shunt of small resistance, say 100 feet of leading wire, 
into the cable. Alternately positive and negative currents 
are employed, and the mean reading is taken. Instead of 
the cable, a resistance is then put in circuit, until the same 
deflection is obtained, and this resistance is the copper- 
resistance of the cable. 

h. By Blavier's Method, 

This method is used when, as generally happens, there 
is not full connection to earth at the fault. To determine 
the position of the fault with all accuracy possible, it is 
advisable to enlarge it by charging the cable for some time 
with changing currents from a strong battery. 

When this test is taken it is well to have the other end of 
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the cable alternately insulated and put to earth for 15 
minutes, and to endeayour to obtain a reading of the deflec- 
tions with zinc and copper-currents alternately every half 
minute, or if possible every quarter of a minute. 

The copper resistance in the faultless cable is = B ; the 
resistance in the faulty cable insulated at the end m is = Bi ; 
and the resistance of the cable with fault and with the end 
m connected to earth is = B2. 

The resistances in the lengths np and mp and in the fault 
are as before = y, z and q. 

Then there is given : 

Bi = y + q 

"EU s: y-\ ^ , where — ^ is the total resistance in z and a. 

There is found : 

E — -grsBi — 2, orgssBi — E-f-« 

E-..y-E,--3p^,orE-^-E,.-^— ^^-^^. 

Both sides of the equation multiplied by Bi — B -f- 2 » 
give: 

»'+2(E,- E)2 = -E«-E|Eg + EE, + BEsi 

« 3= E — Eg -f- V Ea — El E2 -f" E El — S Eg 

y = E-«=Ea- VE?- EiEa + EE^- WR^ 

y = Ea - V (E - Ea) (El - Ea) 

The resistance in np being thus determined, the position 
of the fault is found as before. 
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Example. 
Length of the cable = 120 knots. 
E = 500 Ohms. 
El = 400 Ohms. 
E2 = 379 Ohms. 

Then let there be found : 

z = 160, and y = 340. 

Thus the length » jp is = — ^yr^r = 81 • 6 knots. 

c. Te9A hy Charge. 
If the fault is caused by a break in the copper wire, 
whilst the india-rubber is quite sound, or when it is possible, 
in a broken multiple cable, to seal the exposed copper wire 
to a comparative state of insulation, the position of the 
fault is found by charging the cable from one end, deter- 
mining the amount of the charge, and dividing this by the 
known charge per knot. 



TESTING DURINa THE LAYING OF 

A CABLE. 

34. ELECTEICAL AERANGEMENT ON SHIP AND ON 

SHORE, 

1. When on ship (Fig. 10) / is depressed, the current passes 
from h through k, h and the testing screw T of the commu* 
tator into the cable connected to the screw 0, and insulated 
in a commutator at its other eiid on shore. By opening the 
short-circuit key SK, the current passes through the shunted 
galvanometer, and a deflection is obtained. 
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Eegular fall of the deflection indicates good condition of 
the cable; with decrease of insulation the deflection will 
increase. 

By disconnecting T from, and connecting S to, the cable, 
the ship is put in circuit for speaking. 

2. On shore (Fig. 11) the cable end is connected to a com- 
^mutator, and a clock causes, every tenth minute, the arm v q 
to touch for some few seconds the button r, charging the 
condenser and at the same time giving a throw on the ship 
galvanometer ; when the arm p q again touches the button <, 
the condenser is discharged through the shore galvanometer. 
Instead of a commutator, an ordinary charge and discharge 
key may be used worked by hand. 

If the insulation is decreasing the discharge becomes 
smaller, and in the event of loss of continuity, or a total loss 
of insulation, neither charge of the condenser nor discharge 
will be obtained. 

The ends of the cable must always be kept dry and paraf- 
fined. 

If the cable is permanently connected through a very 
high resistance B^ and a galvanometer Gs to earth, ship is 
able to signal at any time to shore by either reversal or 
reduced tension, and shore obtains by this arrangement a 
permanent insulation and continuity test. For this re- 
sistance a bar of selenium, or a plumbago line on glass may 
be used, and a suitable shunt may be used to make the de- 
flection on the galvanometer scale about 200 divisions. 

3. Both ship and shore must be provided with a complete 
set of testing apparatus, always kept ready for testing at any 
moment. 
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35. mSTEUCTIONS FOE TESTING ON SHIP AND ON 

SHOEE. 

1. On ship the cable being connected to galvanometer for 
insulation test, the deflection is read every minute and noted 
down. 

The resistance of the battery and the constant of the galvano- 
meter being determined, the insulation readings for every 10 
minutes are reduced in the ordinary way to megohms per knot. 

2. Ship must note the time when the continuity-throws 
from shore occur, which will be about every tenth minute. 

8. Ship will reverse the current every hour, when the 
discharge-throws on shore will also be reversed. 

4. Ship will reverse the current 10 minutes before noon, 
and shore will acknowledge this by pressing in the stud a 
three times and bringing the arm p q in contact with r 
giving three kicks on the ship galvanometer. Ship then 
releases T and depresses S, and shore having on its commu- 
tator released T' and depressed S', all will be in readiness for 
speaking. Ship then gives shore the time by sending dots, 
stopping at exactly twelve o'clock Greenwich time. Ship 
sends any necessary information, as distance run and miles 
paid out, as quickly as possible, always finishing by "in- 
sulate," which shore station will immediately obey, both 
stations releasing S and S' and depressing T and T', and 
being again ready for the insulation-test 

5. Ship not to send any communications except those 
ordered by the chief electricians and engineers. 

6. On shore the condenser in every tenth minute, com- 
mencing at the full hour, connected through the avm. pq and 



52 ELECTRIC TESTING OP TELEGRAPH CABLES. 

the button r of the commutator for 10 seconds to the cable, 
the charge abstracted from the cable producing a throw on 
the deflection-scale on board; the condenser is instantly 
afterwards discharged through the shunted galvanometer G' 
by the falling back of the arm p q to the button t To 
render this reading accurate, it is important to make it as 
high as possible. Shore must multiply these readings by the 
value of the shunt, and enter the true value of each reading. 

7. At reversals at the full hour except at noon shore will 
not alter any connections, but simply note time and amount 
of throw on the galvanometer G' ; but if reversals are not 
at the hour, shore will depress the stud s three times and 
join up for speaking, ready to receive messages from ship. 

8. Shore to make no communication whatever, or ask any 
questions, except in reply to demands from ship. All infor- 
mation demanded to be given with as few words as possible. 

9. Shore to keep a diary, in which the names of the 
electrician in charge and the clerk on duty are entered, so 
that the responsible party for any time can be found. In the 
diary all observations must be recorded in full and timed. 

10. The testing-room on shore must be kept strictly 
private, and no one admitted except on business. 

11. Should any loss of insulation or saxj/atUt occur, and 
ship, having carefully examined all connections, has found 
that the extra loss of current is due to the cable, the current 
is reversed, as a signal to shore to join up for receiving 
messages, and if speaking is possible ship may, for instance, 
direct shore to remove end of cable from the commutator, 
carefully retrim and insulate it, that ship may take insulation- 
test. 
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Should the fault make speaking impossible, ship and shore 
will proceed as follows : — 

Shore having joined up for speaking until the next full 
10 minutes, insulates for 10 minutes, puts to earth for 10 
minutes, and continues to insulate and put to earth alter- 
nately every 10 minutes until the next full hour. Shore 
then again joins up 10 minutes for speaking, and commences 
again to insulate and put to earth alternately every 10 
minutes until the next full hour, and so on until signal is 
received from ship. If a fault in the instruments makes 
speaking impossible, at every full hour ship and shore join 
up for speaking for 10 minutes, but always insulate again 
until the next full hour. 

12. From the day commimication with the ship ceases, 
shore will have daily to take two series of tests, each of 
twelve readings for copper-resistance, six with zinc to cable, 
and six with copper to cable, alternately. One series of 
these tests to be taken at 9 A.M., and the other at 6 p.m. 

13. Records of the tests made and results obtained are to 
be carefully kept both on ship and shore. 

14. The chief electrician has to ascertain before starting 
that all instruments are in good order and all connections 
properly made as well on shore as on board ship. 

15. The above regulations can only be modified by order 
from the ship. The strictest fulfilment is of the utmost 
urgency, and no excuse whatever for any neglect will be 
accepted. 
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FORMULAE. 

36. FOEMUL^ FOE THE CHAEGE OF COEES. 

The charge C per knot of a core is determined by the 
following equation : 

E log. -^ 

where c is a constant, E the electro-motive force of the 
battery, I the length in knots of the core, B the resistance 
per knot of the insulator, D the diameter of the core, and d 
the diameter of the conductor. 

If for Hooper's core, the following numbers are given : 

C = -45, E = 4000, D = -318", d = -145", and if E is = 1 

and Z = 1, then c is = 614. 

The charge per knot is then 

614 -1535 



4000 log. J log. J 



microfarads. 



The charge C per knot with ordinary gutta-percha core is 

•1877 



^^•? 



microfarads. 



The charge per knot with Willoughby Smith's gutta- 
percha core is found to be 

•15163 . . , 
= =- microfarads. 
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Example. — When d = • 145" and D = • 318, the capacity 

is: 

With Hooper's core = '45 

With ordinary gntta-percha core . . . . = • 55 

With Willoughby Smith's gutta-percha core s *44 

37. FOEMTJL^ FOE THE INSULATION OF COEES. 
The insulation per knot at 75° F. is : 
With Hooper's core . . . . =1*3 x log. -r megohms. 

With ordinary gutta-percha core = '077 x log. -3- „ 

d 

With Willoughby Smith's core = -035 x log. ^ „ 

where D is the diameter of the core, and d the diameter of 
the conductor, and where the first four figures of the loga- 
rithm are regarded as a whole number. 

The insulation per knot at 75° F. of a core with a strand 
conductor, calculated hy weights^ and not by diameters, is : 



For Hooper's core .. .. = 1*3 x log. . /l -J_ 5«7 __ 

where W is the weight of the dielectric and w the weight of 
the conductor, and where the first four figures of the loga- 
rithm are regarded as a whole number. 
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Example. — ^When d = ' 113 and D = • 291, the insulation 
is: 

With Hooper's core . . , . » = 5340 megohms. 

With ordinary gatta-percha core =s 316 „ 

With Willoughby Smith's gutta-percha core = 144 „ 

When u = 180 lbs. and W = 180 lbs., then the insulation 

§ 

is: 

With Hooper's core = 5840 megohms. 

With ordinary gatta-percha core = 345 „ 

' With Willoughby Smith's gutta-percha core = 157 „ 

38. FOEMUL^ FOE THE SPEED IN CABLES. 

The ^peed of working a cable is proportionate to : 

6 1 

where S is the specific conductivity of the copper, I the 
length of the cable, C the charge of the cable per knot, and 
T the resistance of the copper per knot. 

When the holes in the machine, in which the copper 
wires are drawn, are worn out, the diameter of the wires, 
and consequently their conductivity will increase, and the 
speed of the cable would also increase, if the charge did not 
generally increase at the same time, by which the speed will 
be again diminished. 

When it is fixed that the specific conductivity S shall be 

not less than 90 per cent., and the charge not more than 

*44 microfarad, then the speed through 1 knot of cable will 

90 
be proportionate to -^jr = 205; and the charge may increase 
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to '45 and '46 microfarad, without the speed being altered, 
if the conductiyity of the copper at the same time increases 

to 93-25 and 94-30, because 55^=-?*^ = 205. 

•45 '46 

As the charge of the core is inversely proportionate to 
log. -7 , and the resistance of the copper is inversely pro- 
portionate to (P, where D is the diameter of the core in 
mils, (or thousandths of an inch), and d the diameter of the 
conductor in mils., the working speed can oho be expressed 

hy : 

(P (log. D - log. d) 



constant x 



^ 



The speed or number of words per minute is : — 
For Hooper's core, with Morse apparatus : 

for Hooper's core, with reflecting galvanometer : 

y^QQd'(log.D-log.d) 

for Willoughby Smith's core, with Morse apparatus : 

625 ^O^g-P-lQg-^) . 

V 

for Willoughby Smith's core, with reflecting galvanometer : 

6250 <^ (log- D- log- '^). 

V 

for gutta-percha core, with Morse apparatus : 
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for gutta-percha core, with reflecting galvanometer : 

The obtained maximum speed is 50 per cent, higher than 
the above working speed. 

Example 1. — A Hooper's core, of 300 lbs. copper and 
200 lbs. india-rubber, or with d = • 145" and D = • 318", will, 
for a distance of 900 nautical miles, give a speed with Morse 
apparatus : 

„^^ 145^ (log. 318 - log. 145) ^ ^ 

700 ^ ^ g — ^ ^ = 6-2 words per minute. 

The maximum speed will be about 9 words per minute. 
With a reflecting or mirror galvanometer, the speed will 
be 11 X 6*2 = 68 words per minute. 

Example 2. — A Hooper's core, of 180 lbs. copper and 
180 lbs. india-rubber, or with d = -110" and D = -290", 
will, for a distance of 350 nautical miles, give a speed with 
Morse apparatus : 

,,,110' (log. 290 -log. 110) „ , 

700 ^ ° ^^^a = 29 words per minute. 

360* ^ 

Example 3. — A core of 200 lbs. copper and 200 lbs. 
gutta-percha, or with d = -119" and D = -335", will, for a 
distance of 400 nautical miles, give a speed with Morse 
apparatus : 

^^,119^^(10^335-10^119) oi ^ 

530 ^ ^ g = 21 words per mmute. 

Example 4. — A core of 300 lbs. copper and 400 lbs. 
gutta-percha, or with = d ' 147" and D = -467", will, for. a 
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distaDce of 1857 nautical miles, as for the Atlantic Gable of 
1866, give a speed with a reflecting galvanometer, or the 
mirror system of 

5830 1^7'(log>467_-log.l47) ^ ^^.3 ^^^^^ ^^ ^^^^ 

loui 

The maximum speed obtained on this cable is 25 words 
per minute. 

Robert Sabine has found that the time required /or a signal 

to become recognizable through a line is : 

414 
With a Morse apparatus .. t = ^^ Cr seconds. 

105 
„ Hugh's mstrument „ t = yrrj- C r „ 

47 
„ Mirror galvanometer ' = T7^9 C r „ 

where C is the capacity of the line in microfarads, and r the 
copper-resistance in Ohms. The formulsB show that the 
speed depends on the inertia of the apparatus, and on the 
retardation of the cable. 

Example. — If a core with 200 lbs. copper and 200 lbs, 
gutta-percha has a capacity = 0*40 per knot ,and a copper- 
resistance of 6*25 per knot, or for a line of 400 knots 
C = 160, and r = 2500, then with a Morse apparatus: 

414 
t = j^ . 160 . 2600 = c . J second, or 

860 signs per minute. 

The speed of such a cable has been found to be 21 words 
per minute, but as an average word consists of 5 letters and 
each letter of about 4 signs, the 21 words give : 

21 X 5 X 4 s 420 signs. 
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89. POEMUL^ FOE THE WEIGHTS OF CONDUCTOE 

AND INSULATOR 

The weight per knot of a copper wire is = ^ lbs., where d is 

the diameter of the wire in mils, (thousandths of an 
inch). 

The weight per knot of india-rubber is = .^■. lbs., where 

D is the diameter of the core, and d the diameter of the 
conductor in mils. 



The weight per knot of gutta-percha is = 



491 



Example. — ^A gutta-percha core is required, which has the 
same charge and the same weight of copper as an india- 
rubber core with the weight per knot of 300 lbs. copper 
and 200 lbs. india-rubber. What is the weight of gutta- 
percha per knot ? 

The charge of the india-rubber core is found to be =• 45 
microfarad. 

Then : 

•45 = -IH^ ; log. .-g^ = .417; D = .379"; 

^^^•T45 

300 = ^; d= -145". 
55 

The weight of gutta-percha is : 

D'^-iP .379'^--1452 „^.„ 

^^, = 77c^ = 260 lbs. 

491 491 
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40. FOEMUL^ FOE THE DIAMETEES OF COSES. 

The outer diameter D in mils, of a gutta-percha core, of 
which the strand conductor weighs c lbs., and the gutta- 
percha g lbs. per knot, is : 

The outer diameter D in mils, of an india-rubber core, of 
which the conductor weighs c lbs. and the india-rubber i lbs. 
per knot, is : 

D = \/cx 70-4 + tx 401. 

Example. — If in a gutta-percha core the copper strand 
weighs 200 lbs. and the gutta-percha 200 lbs. per knot, 
then: 

d = x/200 X 70-4 = 119, and 

D = ^200 X 70-4 + 200 X 491 = 335. 

When the dielectric has the same weight as the con- 
ductor, or when w = W, then : 

D ^ V^ X ^0-1+ W ^iigi = ^ 1 + 6-9744 ^ = 2-82. 
^ ^yw X 70-4 V ' to 

D = 2-82 X (2 = 2-82 . 119 = 835. 

41. FOEMUL^ FOE THE DIAMETEES OF CABLES. 

The oviter diameter D of a bright iron cable (a cable 
without external covering to the iron wires) with n wires, 
each wire with a diameter dy is : 

1 + sm. — 
B^d ^ 



. 180 

sm. 

n 
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The inner diameter D' of the iron sheathing is : 

. 180 
1 — sin. — 

D'= d. — . 

. 180 
sin. — 
n 

Example. — For a cable with 12 wires, No. 8, each with a 
diameter of '165": 

D = .165" X i±^^ = -165^^1?^' = -802" 

Sin. 15 • 258819 

D' -165" x ^"'^^^^^^ - -172" 
^ - ^^^ ^ ^258819 - ^^^ • 
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COEFFICIENTS FOB OALCULATraQ 1 
RESISTANCE OF COPPER AT 75" V. 



TanpenHBra 




llKtHdent 


"h^h^rTir c« 


».... 


LQ?»r11hni of 




0000 


Doooono 


1 


0000 


OOIIOUOO 




0021 


0009! 11 


1 


9979 


9990870-1 




0O12 


0018202 


2 


9058 


9981721-1 




0063 


0027275 


3 


9937 


9972533-1 




0084 


0036328 


4 


991<i 


9963365-1 




0105 


01)45363 


5 


9896 


9954597-1 




0127 




6 


9875 


9945371-1 




0148 


0063805 




9854 


9936126-1 




0160 


0072782 


8 


9834 


9927302-1 




0191 


0082168 


9 


9813 


9918018-1 


1 


0212 


0091108 


10 


9792 


9908714-1 




0233 


0100030 


11 


9772 


9899835-1 


2 1 


0255 


0109357 


12 


9751 


9890492-1 




0276 


0118241 


13 


9731 


9881575-1 




0298 


012752B 


14 


9711 


9872640-1 


5 1 


0320 


0136797 


15 


9690 


9863238-1 


la 1 


0341 


0145625 


16 


9670 


9854265-1 


17 1 


Oa63 


0154855 


17 


9650 


9845373-1 


18 1 


0385 


0164085 


18 


9629 


9835812-1 


19 1 


0407 


0173256 


19 


9609 


9826782-1 


30 1 


042H 


0182010 


20 


9589 


9817733-1 


81 1 


04W 


0191163 


21 


9569 


980S666-] 


32 I 


0472 


0200296 


22 


9549 


9799579-1 


23 1 


0404 


0209411 


23 


9529 


9790473-1 


SI 1 


0516 


021850a 


24 


9509 


9781348-1 


as 1 


0538 


0227582 


25 


9489 


9772204-1 


!» 1 


0561 


0237050 


20 


946B 


9763041-1 


27 1 


0583 


0246088 


27 


9449 


9753858-1 


28 1 


0605 


0255107 


28 


9429 


9744656-1 


29 1 


0627 


0264107 


29 


9409 


9735435-1 


80 1 


0(150 


027»196 


30 


9390 


9726656-1 


81 1 


OSTl 


0282051 


31 


9369 


9710932-1 


S2 1 


Oe92 


0290590 


32 


9348 


9707187-1 


93 I 


0713 


0299111 


33 


9327 


9097420-1 


B* 1 


0734 


0307616 


34 


9306 


9087630-1 


S3 1 


0755 


0316104 


35 


9285 


9077819-1 


36 1 


0777 


0324979 


86 


9264 


9667985-1 


37 1 


0798 


0333433 


37 


9243 


9658130-1 


38 1 


0819 


0341871 


38 


9222 


9648251-1 


39 1 


0841 


0350693 


39 


9201 


96;«350-l 


40 1 


0862 


0359098 


40 


9180 


9628427-1 
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TABLE II. 

TEMPERATURE COEFFICIENTS FOR CALCULATING THE DL 
ELECTRIC RESISTANCE OP HOOPEB'S INDIA-RUBBER 

AT 75° F. 



Difference 

in Tem- 

peratoie, t 


1-026 «. tl 


jOg. 1-026. 


Difference 
in Tem- 
perature, t. 


V026L 


< Log. 1-026. 





1-000 


•00000 


21 


1-715 


•23415 


1 


1-026 


-01116 


22 


1-759 


•24630 


2 


1-063 


•02230 


23 


1-806 


•25645 


8 


1-080 


•03346 


24 


1-862 


•26760 


4 


1-108 


•04460 


25 


1-900 


•27875 


5 


1-137 


•06676 


26 


1-949 


•28990 


6 


1-167 


•06690 


27 


2-000 


•30105 


7 


1-197 


•07806 


28 


2-052 


• 31220 


8 


1-228 


•08920 


29 


2-105 


•32335 


9 


1-260 


• 10036 


30 


2-160 


•33450r 


10 


1-293 


•11160 


31 


2-216 


•34665 


11 


1-326 


' 12266 


32 


2-274 


•36680 


12 


1-361 


• 13380 


33 


2-333 


•36795 


13 


1-396 


14495 


34 


2-394 


•87910 


14 


1-443 


16610 


35 


2-466 


•89025 


15 


1-470 


16725 


36 


2-520 


•40140 


16 


1-608 


17840 


37 


2-586 


•41266 


17 


1-647 


18966 


38 


2-653 


•42370 


18 


1-687 


20070 


89 


2-722 


•43485 


19 


1-629 


21186 


40 


2-798 


•44600 


20 


1-671 


22300 
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TABLE in. 



TEMPEBATUBE COEFFICIENTS FOE CALCULATING THE DI- 
ELEOTEIC EESISTANCE OF OEDINAEY GUTTA-PEECHA 

AT 75° F. 



Temperm- 
tnreFahr. 


Be8i8tanoe. Log 


. Besistanoe. 


Tempera- 
tare Fahr. 


Beaistance. 


Log. Beaistance. 


320 


23-622 


373317 


67° 


1-801 


•255514 


33 


21-947 


341375 


68 


1-673 


•223496 


34 


20-391 


309439 


69 


1-555 


•191730 


35 


18-945 


277495 


70 


1-444 


•159567 


36 


17-602 


'245662 


71 


1-342 


•127753 


37 


16-354 


213624 


72 


1-247 


•095867 


38 


15 195 


181701 


73 


1-158 


•063709 


39 


14-117 


149742 


74 


1-076 


•031812 


40 


13-116 


117801 


75 


1-000 


•000000 


41 


12-186 


085861 


76 


-9418 


•973959 


42 


11-322 


053923 


77 


•8870 


•947924 


43 


10-520 


-022016 


78 


•8354 


•921895 


44 


9-774 


'990072 


79 


•7867 


•895809 


45 


9-081 


-958134 


80 


-7410 


•869818 


46 


8-437 


'926188 


81 


•6978 


•843731 


47 


7-839 


'894261 


82 


•6572 


•817698 


48 


7-283 


'862310 


83 


•6190 


•791691 


49 


6-767 


'830396 


84 


•5829 


•765594 


50 


6-287 


■798444 


85 


•5490 


•739572 


51 


5-841 


'766487 


86 


•5171 


•713575 


52 


5-427 


•734560 


87 


•4870 


•687529 


53 


5-042 


'702603 


88 


•4586 


•661434 


54 


4-685 


'670710 


89 


•4319 


•635383 


55 


4-353 


•638789 


90 


•4068 


•609381 


56 


4-044 


•606811 


91 


•3831 


•583312 


57 


3-757 


•574841 


92 


•3608 


•557267 


58 


3-491 


•542950 


93 


•3398 


•53122^ 


59 


3-244 


•511081 


94 


•3200 


•505156 


60 


3-013 


•478999 


95 


•3014 


•479143 


61 


2-800 


•447158 


96 


•2839 


•453165 


62 


2-601 


•415140 


97 


•2674 


•427161 


63 


2-417 


•383277 


98 


•2518 


•401056 


64 


2-245 


■351216 


99 


•2371 


•374932 


65 


2-086 


•319314 


100 


•2233 


•348889 


66 


1-938 


•287354 









66 



ELECTBIC TESTING OP TELEGBAPH CABLES. 



TABLE IV. 



TEMPEBATURE COEFFICIENTS FOB CALCULATING THE DI- 
ELECTRIC BE8ISTANCE OF WILLOUGHBY SMITH'S 
GUTTA-PEBCHA AT 75° F. 



Tempera- 
ture Fahr. 


Beslstanoe. 


Log. Besistanoe. 


Tempera- 
tare Fahr. 


Besistanoe. 


Log. Beetetance. 


32° 


27-913 


•445807 


67° 


1^858 


-269046 


33 


25-834 


•412192 


68 


1 719 


•235276 


34 


23 910 


•378580 


69 


1-591 


•201670 


35 


22 128 


•344942 


70 


1-473 


•168203 


36 


20-480 


•311330 


71 


1-363 


- 134496 


37 


18-954 


•277701 


72 


1-261 


- 100715 


38 


17-542 


•244079 


73 


1^167 


•067071 


39 


16-235 


-210452 


74 


1-080 


•033424 


40 


15-025 


•176815 


75 


1-000 


-000000 


41 


13-906 


• 143202 


76 


•9375 


•971971 


42 


12-870 


• 109579 


77 


•8789 


•943940 


43 


11-911 


•075948 


78 


-8240 


•915927 


44 


11-024 


•042339 


79 


•7725 


•887899 


45 


10-203 


-008728 


80 


•7242 


•859859 


46 


9-442 


-975064 


81 


•6789 


-831806 


47 


8-739 


-941462 


82 


•6365 


-803798 


48 


8-088 


-907841 


83 


•5967 


-775756 


49 


7-485 


•874192 


84 


-5594 


•747723 


50 


6-928 


•840608 


85 


•5245 


•719746 


51 


6-412 


-806994 


86 


-4917 


-691700 


52 


5-934 


•773348 


87 


-4609 


-663607 


53 


5-492 


•739731 


88 


•4321 


-635584 


54 


5 083 


•706120 


89 


•4051 


-607562 


55 


4-704 


-672467 


90 


•3798 


•579555 


56 


4-354 


-638888 


91 


•3561 


-551572 


57 


4-029 


•605197 


92 


•3338 


•523486 


58 


3-729 


-571592 


93 


•3130 


-495544 


59 


3-451 


-537945 


94 


•2934 


•467460 


60 


3-194 


-504335 


95 


-2751 


•439491 


61 


2-956 


•470704 


96 


•2579 


•411451 


62 


2-736 


•437116 


97 


•2417 


•383277 


63 


2-532 


-403464 


98 


•2266 


•355260 


64 


2-343 


-369772 


99 


•2125 


•327359 


65 


2-169 


-336260 


100 


•1992 


•299289 


66 


2 007 


•302547 
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TABLE V. 
OONVEHBION OF YARDS INTO KNOTS. 



Yird«, 


Knott. 


YHdl 


K^« 


Y«d». 


K.,^ 


y^. 


Kdots. 


1 


000493 


31 


■015278 


61 


030064 


91 


0448S0 


2 


000986 


32 


■015771 


62 


030557 


92 


045343 


3 


O0H79 


33 


■016264 


63 


031050 ' 


93 


045836 


4 


001071 


31 


-016757 


64 


031542 ; 


94 


046329 


5 


002464 


35 


■0172.^0 


65 


032035 ' 


95 


016822 


6 


002957 


36 


■017743 


66 


032528 


96 


047315 


7 


003450 


37 


■018236 


67 


033021 


97 


047808 


8 


003913 


38 


■018728 


63 


033514 


98 


018301 


9 


004436 


39 


■019221 


69 


031007 


99 


048794 


10 


001929 


40 


■019714 


70 


031500 


100 


049287 


11 


005121 


41 


■020207 


71 


031993 


200 


098571 


12 


005914 


42 


■020700 


72 


035185 


300 


147856 


13 


006407 


43 


■021193 


73 


035978 


400 


197141 


11 


006900 


44 


■021686 


74 


036171 


500 


246427 


15 


007393 


45 


■022178 


75 


036961 ' 


600 


295712 


16 


007886 


4G 


■022671 


76 


037457 


700 


314998 


17 


008379 


47 


■0231S4 


77 


037919 , 


800 


394283 


18 


008871 


49 


■023657 


78 


038133 i 


900 


443568 


19 


0093C1 


49 


■024150 


79 


038935 1 


1000 


492S54 


20 


009857 


50 


■024613 


80 


039128 


1100 


542139 


21 


010350 


51 


■025136 


81 


039921 


1200 


591424 


22 


010813 


52 


■025628 


82 


010414 1 


1300 


6407 lU 


2H 


011336 


53 


■02G121 


83 


040907 1 


1400 


689995 


21 


on 828 


54 


■026614 


84 


011100 ; 


1500 


739280 


25 


012321 


55 


■027107 


85 


041892 1 


1600 


788566 


26 


012814 


56 


■027600 


86 


012385 { 


1700 


837851 


ii 


013307 


67 


■028093 


87 


042878 i 


1800 


887137 


28 


013800 


5S 


■028586 


88 


013371 ' 


1900 


936422 


20 


014293 


59 


•029078 


89 


013864 


2000 


985707 


3D 


014786 


60 


■029571 


90 


044357 


2029 1 


000000 
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TABLE VI. 
NATURAL SINES. 



Degrees. E 


iines. 


Degrees. 


Sines. 


Degrees. £ 


Sines. 


1 


017 


31 


•515 


61 


'874 


2 


035 


32 


•530 


62 


'883 


3 


052 


33 


•545 


63 


'891 


4 


070 


34 


■559 


64 


-899 


5 


087 


35 


•574 


65 


'906 


6 


105 


36 


•588 


66 


914 


7 


122 


37 


•602 


67 


920 


8 


139 


38 


•616 


68 


927 


9 


156 


39 


•629 


69 


934 


10 


174 


40 


•643 


70 


940 


11 


191 


41 


•656 


71 


946 


12 


208 


42 


•669 


72 


951 


13 


225 


43 


•682 


73 


956 


14 


242 


44 


•695 


74 


961 


15 


'259 


45 


•707 


75 


'966 


16 


•276 


46 


•719 


76 


•970 


17 


292 


47 


•731 


77 


974 


18 


•309 


48 


•743 


78 


•978 


19 


•326 


49 


•755 


79 


•982 


20 


•342 


60 


•766 


80 


•985 


21 


-358 


51 


•777 


81 


'988 


22 


•375 


52 


•788 


82 


•990 


23 


•391 


53 


•799 


83 


•993 


24 


•407 


54 


•809 


84 


•995 


25 


•423 


55 


•819 


85 


•996 


26 


•438 


56 


•829 


86 


•997 


27 


•454 


57 


•839 


87 


•998 


28 


•469 


58 


•848 


88 


•999 


29 


•485 


59 


•857 


89 


•999 


30 


•500 


60 


•866 


90 1 


•000 
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TABLE VII. 
NATURAL TANGENTS. 



Degrees. Ta 


ngents. 


Degrees. 


Tangents. 


Degrees. 


Tangents. 


1 


017 


31 


•601 


61 


1-804 


2 


035 


32 


•625 


62 


1-881 


3 


052 


33 


•649 


63 


1-963 


4 


070 


84 


•674 


64 


2-050 


5 


•087 


35 


•700 


65 


2 145 


6 


•105 


36 


•727 


66 


2-246 


7 


•123 


37 


•753 


67 


2^356 


8 


•141 


38 


•781 


68 


2^475 


9 


•158 


39 


•810 


69 


2^605 


10 


176 


40 


•839 


70 


2-747 


11 


194 


41 


•869 


71 


2-904 


12 


'212 


42 


•900 


72 


3-078 


13 


•231 


43 


•933 


73 


3-271 


14 


-249 


44 


•966 


74 


3-487 


15 


•268 


45 


1-000 


75 


3-732 


16 


•287 


46 


1^036 


76 


4-011 


17 


•306 


47 


1-072 


77 


4-331 


18 


•325 


48 


1111 


78 


4-705 


19 


•344 


49 


1150 


79 


5 145 


20 


•364 


50 


1^192 


80 


5-671 


21 


•384 


51 


1^235 


81 


6-314 


22 


•404 


52 


1^280 


82 


7-115 


23 


•424 


53 


1^327 


83 


8 144 


24 


•445 


54 


1-376 


84 


9-514 


25 


•466 


55 


1-428 


85 


11-430 


26 


-488 


56 


1-483 


86 


14-301 


27 


•510 


57 


1-540 


87 


19 081 


28 


•532 


58 


1^600 


88 


28-636 


29 


•554 


59 


1-660 


89 


57-290 


30 


•577 


60 


1-732 


90 


00 
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TABLE VUL 
LOGARITHM OF NUMBERS FROM TO 100. 



No. 





1 


2 


8 


4 


6 


6 


7 


8 


9 


Prop. 








00000 


30103 


47712 


60206 


69897 


77815 


84510 


90309 


95424 




10 


00000 


00432 


00860 


01284 


01703 


02119 


02530 


02938 


03342 


03743 


415 


11 


04139 


04532 


04922 


05307 


05690 


06070 


06446 


06819 


07188 


07555 


379 


12 


07918 


08279 


08637 


08990 


09342 


09691 


10037 


10380 


10721 


11059 


344 


13 


11394 


11727 


12057 


12385 


12710 


13033 


13354 


13672 


13988 


14301 


323 


14 


14613 


14922 


15229 


15533 


15836 


16137 


16435 


16732 


17026 


17319 


298 


15 


17609 


17898 


18184 


18469 


18752 


19033 


19312 


19590 


19866 


20140 


281 


16 


20412 


20683 


20952 


21219 


21484 


21748 


22011 


22272 


22531 


22789 


264 


17 


23045 


23300 


23553 


23805 


24055 


24304 


24551 


24797 


25042 


25285 


249 


18 


25527 


25768 


26007 


26245 


26482 


26717 


26951 


27184 


27416 


27646 


234 


19 


27875 


28103 


28330 


28556 


28780 


29003 


29226 


29447 


29667 


29885 


222 


20 


30103 


30320 


30535 


30749 


30963 


31175 


31386 


31597 


31806 


32015 


212 


21 


32222 


32428 


32633 


32838 


33041 


33244 


33445 


33646 


33846 


34044 


202 


22 


34242 


34439 


34635 


34830 


35025 


35218 


35411 


35603 


35793 


35984 


193 


23 


36173 


36361 


36549 


36736 


36922 


37107 


37291 


37475 


37658 


37840 


185 


24 


38021 


38202 


38382 


38561 


38739 


3S916 


39094 


39270 


39445 


39619 


177 


25 


39794 


39967 


40140 


40312 


40483 


40654 


40824 


40993 


41162 


41330 


170 


26 


41497 


41664 


41830 


41996 


42160 


42325 


42488 


42651 


42813 


42975 


164 


27 


43136 


43297 


43457 


43616 


43775 


43933 


44091 


44248 


44404 


44560 


158 


28 


44716 


44871 


45025 


45179 


45332 


45484 


45637 


45788 


45939 


46090 


153 


29 


46240 


46389 


46538 


46687 


46835 


46982 


47129 


47276 


47422 


47567 


148 


30 


47712 


47857 


48001 


48144 


48287 


48430 


48572 


48714 


48855 


48996 


143 


31 


49136 


49276 


49415 


49554 


49693 


49831 


49969 


50106 


50243 


50379 


138 


32 


50515 


50651 


50786 


50920 


51055 


51189 


51322 


51455 


51587 


51720 


134 


33 


51851 


51983 


52114 


52244 


52375 


52504 


52634 


52763 


52892 


53020 


130 


84 


53148 


53275 


53403 


53529 


53656 


63782 


53908 


54033 


54158 


54283. 


126 


35 


54407 


54531 


54654 


54777 


54900 


55022 


55145 


55267 


55388 


55509 


122 


36 


55630 


55751 


55871 


55991 


56110 


56229 


56348 


66467 


56585 


56703 


119 


37 


56820 


56937 


57054 


57171 


57287 


57403 


57519 


57634 


57749 


67863 


116 


38 


57978 


58093 


58206 


58320 


58433 


58546 


58659 


58771 


58883 


68996 


113 


39 


59106 


59218 


59328 


59439 


59550 


59660 


59770 


59879 


59989 


60097 


110 


40 


60206 


60314 


60423 


60531 


60638 


60745 


60853 


60959 


61066 


61172 


107 


41 


61278 


61384 


61490 


61595 


61700 


61805 


61909 


62014 


62118 


62221 


104 


42 


62325 


62428 


62531 


62634 


62737 


62839 


62941 


63043 


63144 


63246 


102 


43 


63347 


63448 


63548 


63649 


63749 


63849 


63949 


64048 


64147 


64246 


99 


44 


64345 


64444 


64542 


64640 


64738 


64836 


64933 


65031 


65128 


65225 


98 


45 


65321 


65418 


65514 


65609 


65706 


65801 


65896 


65992 


66087 


66181 


96 


46 


66276 


66370 


66464 


66558 


66652 


66745 


66839 


66932 


67025 


67117 


95 


47 


67210 


67302 


67394 


67486 


67578 


67669 


67761 


67852 


67943 


68034 


92 


48 


68124 


68215 


68305 


68395 


68485 


68574 


68664 


68753 


68842 


68931 


90 


49 


69020 


69108 


69197 


69285 


69373 


69461 


69548 


69636 


69723 


69810 


88 


50 


69897 


69984 


70070 


70157 


70243 


70329 


70415 


70501 


70586 


70672 


86 



ELBCTBIO TESTING OF TELEQBAPH CABLES. 



TABLE VIII.— coniinited. 
LOGAfilTHM OF NUMBEB8 FEOM TO lOO—eonlmued, 



No 


1 


2 


8 


4 


fi 1 e 


7 


8 1 B |p™p. 


51 


70757 1 70842 


70927 


7i012 


71096 


71181 


71265 


71349 


71433 71517 


84 




71600 1 71684 


71767 


71850 


71933 


72016 


72099 


72181 


72263 72346 


82 




72428 72509 


72591 


72673 


72754 


72835 


72916 


72997 


73078,73159 


81 


54 


73239 1 73320 




73480 


73560 


73639 


73719 


73799 


73878 , 73957 


80 


5S 


71036 74115 


74194 


74273 


74351 


74429 


74507 


74586 


74663 


74741 


78 


56 


74819 74896 


74974 


75051 


75128 


75205 


75282 


75358 


75435 


75511 


77 


57 


75587 75664 


75740 


75815 


75891 


75967 


76042 


76118 


76193 


76268 


75 


58 


76343176418 


76492 


76587 


76641 


76716 


76790 


76864 


76938 


77012 


74 


59 


77085 


77159 


77232 


77305 


77379 


77452 


77525 


77597 


77670 


77743 


73 


60 


77815 


77887 


77960 


78032 


78104 


78176 


78247 


78319 


78390 


78462 


72 


61 


78533 


78604 


7S675 


78746 


78817 


78866 


78958 


79029 


79090 


79169 


71 




79289 


79309 


79379 


79449 


79518 


795S6 


79657 


79727 


79796 


79865 


70 


63 


79934 


80003 


80072 


80140 


69209 


80277 


80346 


80414 


80482 


80550 




64 


80618 


80686 


S0754 


80821 


B0889 


80956 


81023 


81090 


81158 


81224 


68 


65 


81291 


81358 


81425 


81491 


61558 


81824 


81690 


81757 


81823 


6)689 


67 


66 


81954 


82O20 


82086 


S2151 


82217 


82282 1 82347 


82413 


82478 


62543 


66 


67 


82607 


82672 


82737 


82802 


82806 


82930 82995 


83059 


83123 


63187 


64 


66 


83251 


83315 




83442 


83506 


83569 83632 


83698 


83759 




63 


69 


83885 




84011 


84073 


84136 


84198 , 84261 


84323 


84386 


84448 


63 


70 


84510 


84572 


846W 


84696 


81757 


84819 64680 


84942 


85003 


85065 


62 


71 


85126 


85187 


85248 


85309 


85370 


85131 


85491 


85552 


85612 


85673 


61 


72 


85733 


85794 


85854 


S59U 


85974 


86034 


86094 


86153 


86213 


86273 


60 


78 


S6332 


86392 


8(H51 


86510 


86570 


8S629 




86747 


86806 


86864 


59 


74 


86923 


86982 


87040 


87099 


87157 


87216 


87274 


87332 


S7390 


87448 


58 


75 


S7506 


87664 


87622 


87680 


67737 


87795 


87852 


87910 


87967 


88024 


57 


76 


8B081 


88133 


88196 


88252 




88366 


88423 


88480 




68593 


57 


77 


88649 


88705 




88818 


88874 


88930 




89042 


89006 


89154 


56 


78 


69209 


8926S 




89376 


S9432 


89467 


89542 


89597 


69653 


89708 


55 


79 


S9768 


89818 


89873 


89927 


89982 


90037 


90991 


90146 


90200 


90255 


54 


8D 


90309 


90363 


90417 


90472 


90526 


90580 


90634 


90687 


90741 


90795 


54 


SI 


90848 


90902 


90956 


91009 


91062 


91116 


91169 


91222 


91275 


91328 


53 




91381 


91434 


9H87 


91540 


91593 


91645 


91698 


91751 


91803 


91855 


53 


83 


91908 


91960 


92012 


92065 


92117 


92169 




92273 


92324 


92376 


52 


84 


92428 


9248(1 


92531 


92583 


92634 


92666 


92737 


92789 


92840 


92891 


51 


85 


92942 


92993 


93044 


93095 


93146 


93197 


9.1247 




93349 


93399 


51 


86 


93450 


93500 


93551 


93601 


93651 


93702 


93752 


93S02 


93852 


93902 


50 


87 


93952 


94002 


94052 


94101 


94151 


94201 


94250 


94300 


94349 


94398 


49 


88 


94448 


9449S 


94547 


94596 


94645 


94694 


94743 


94792 


94841 


94890 


49 


89 


94939 


94988 


95036 


95085 


95134 


95182 


95231 


95279 


96328 


95S76 


48 


90 


95424 


95472 


95521 


95569 


95617 


95665 j 95713 


95761 


95809 


95856 


48 



72 
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TABLE YIIL—c<mtinued. 
LOGARITHM OF NUMBERS FROM TO lOO—eonHnued. 



Na 





1 


2 


8 


4 


6 


6 


7 


8 


9 


Prop. 


91 


95904 


95952 


95999 


96047 


96095 


96142 


96190 


96237 


96284 


96332 


48 


92 


96379 


96426 


96473 


96520 


96567 


96614 


96661 


96708 


96755 


96802 


47 


93 


96848 


96895 


96942 


96988 


97035 


97081 


97128 


97174 


97220 


97267 


47 


94 


97313 


97359 


97405 


97451 


97497 


97543 


97589 


97635 


97681 


97727 


46 


95 


97772 


97818 


97864 


97909 


97955 


98000 


98046 


98091 


98137 


98182 


46 


96 


98227 


98272 


98318 


98363 


98408 


98453 


98498 


98543 


98588 


98632 


45 


97 


98677 


98722 


98767 


98811 


98856 


98900 


98945 


98989 


99034 


99078 


45 


98 


99123 


99167 


99211 


99255 


99300 


99344 


99388 


99432 


99476 


99520 


44 


99 


99564 


99607 


99651 


99695 


99739 


99782 


99826 


99870 


99913 


99957 


44 



Indices of Logarithms : — 
Log. 4030 =3-60530 
403 =2-60530 
40-3=1-60530 



>» 



Log. 4*03 = -60530 
-403 =T- 60530 
-0403 =T- 60530 
-00403=T-60530 






» 
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COPPER JEtESISTANCE TEST. 



Fig. 2 




CHARGE TEST. 



Fig. 3^ 




fivf. 3b. 




Fig.4 



INSUUVTIOIT TEST. 




COirSTAWT OF THE BATTERS. 




Pig 6. 



COXSTAICT OF THE GALYAHTOJMETER. 
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Fig. 7. 
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tion V. Construction of Domes and Cupolas — Section VI. Construction of Partitions- 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges — Section IX. Coffer-dams, Shoring, and Strutting — Section X. Wooden Bridges 
and yiaducts^->Section XI. Joints, Straps, and other Fastenings — Section XII. Timber. 

Engineering Notes. By Frank Robertson, Fellow 

Roy. Astron. Soc, late first Lieut R.E., and Civil Engineer Public 
Works Department in India. 8vo, cloth, izs, 6//. 

The object of tiiis work is to supply an exhaustive digest of all that is known on each 
subject, so far as is necessary and sumaent fbr-an Engineer in practice; espedatlY vsx ^sA&is»« 

^ 1. 



4 CATALOGUE OF SCIENTIFIC BOOKS 

A Practical Treatise an Casting and Foundings 

including d^criptions of the modem machinery employed in the art By 
N. £. Spretson, Engineer. With 82 j^lates drawn to scale, 412 pp. 
Demy 8vo, cloth, i8j. 

A Pocket' Book for Chemists, Chemical Manufacturers^ 

Metallurgists, Dyers, Distillers, Brewers, Sugar Refiners, Photographers, 
Students, etc, etc. By Thomas BayleY, Assoc R.C. Sc. Ireland, Ana- 
lytical and Consulting Chemist, Demonstrator of Practical Chemistry, 
Analysis, and Assaying, in the Mining School, BristoL Ro]ned 32mo, 
roan, gilt edges, 5^. 

Synopsis of Contents : 

Atomic Weights and Factors— Usefbl Data— 'Chemical Calculatioiis— Rules for Indirect 
Analysis— Weights and Measures— Thenn<^eters and Bsumneters — Chemical I^jrsics— 
Boiling Points, etc.— Solubility of Substance*— Mqdiods of Obtaimng Specific Gravits^— Con- 
▼ersion of Hydrometers— Strength of Solutions by Specific Gravity— '^alysis— Gas Analysis- 
Water Analysis— Qualitative Analjrsis and Reactions— Volumetric Anidysis — ^Manipulation — 
Mineralogy — Assaying — Alcohol ••— Beer — Sugar ^ Miscdlaneous Technologic matter 
rebuing to Potash, Soda,. Sulphuric Add, Chlorine^ Tar Products, Petroleum, Milk, Tallow, 
Photography, Prices, Wages, etc., etc. 

A Practical Treatise on Coal Mining. By George 

G. ANDR16, F.G.S., Assoc. Inst CE., Member of the Society of Engineers. 
With 82 lithographic plates, z vols., royal 4to, doth, 3/. izs. 

Contents: ... 

I. Practical Oeology^II. Coal, its Mode-of Occurrence, Composition, and Varieties— III. 
Searching for Coal — I v. Shaft-sinking— V. Driving of Xjovds, or Narrow Woric—^VI. Systems 
of Working— VII. Getting the Coal— VIII. Haulage— IX. Winding— X. Drainage— XI. 
Vjentilation— *XII. Incidental Operattons-^^XIII. Suiffice Work— XIV. Management and 
Accounts — ^XV. Characteristics of the Coal Fields of Great Britain and America. 

The Electric Transmission of Power^ its PrestHt 

Position and Advantages. By Paget Higgs, LLJD., D.Sc., Telford 
Prizeman, and Associate Member of the Institution of Civil Engineers. 
With numerous iltustrations. Crown Svo, cloth, 3X. 

Contents : 

Dynamo-electric Machines — The Gramme Machine— The Brush Machine— The Wallace- 
Farmer and Siemens Machines — Efficiency of Dynamo-electric Machines— PracticaUlity of 
the Transmission of Power by Electricity — Efficiency of Coupled Machines— Comparative 
Efficiency of Various Machines — Other Theoretical Consideiations— Condusioas. 



The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Buildin- ^ '* — -n- r^ r^ »» -.__ 

F.R.I.B.A. Fcap. Svo, cloth, u. 6 



in the_Superintendence of Building Operations.. By G. G. HoSKlNS, 

a. 



Coffee Planting in Southern India and Ceylon. By 

E. C, p. Hull, Crown Svo, cloth, gs. 
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Sports' Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 

No. I, Ceylon. By Abraham Deans, C.£. 2x. 6^. 

Contents : 

Introductory Remarks— Natural Productions-— Architecture and Engineering — Topo- 
graphy, Trade, and Natural History — Principal Stations — Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 

Dutch Republics. By Henry Hall, F.R.G.S., f'.R.C.I. With 

Map. xs,(>d, ^ 

^ ^ Contents : 

General Description of South Africa—- Physical Geography with reference to Engineering 
Operations — Notes on Labour and Material in Cape CoIony-^GeoIogical Notes on Rogjc 
Formation in South Africa — Engineering Instruments for Use in South Africa — Principal 
Public Works in Cape Colony : Railways, Moutitain Roads and Passes, Haf bour Works, 
Bridges, Gas Works, Irri|;ation and Water Supply, Li^^hthouses, Drainage and Sanitary 
Engineering, Public Buildmgs, Mines— Table of Woods m South Africa — ^Animals used for 
Draught Purposes — Statistical Notes — ^Table of Distances—^'Rates of Carriage, etc. 

No. 3. India. By F. C. Danvers, Assoc. InSt C.E. With Map. 4r. dd. 

Contents : 

Physical Geography of Indiar**BuiIding Materials— Roads*— Railvirays — ^Bridges— Irriga- 
tion — River Works— Harbours-^ Lighthouse Buildings — Native Labour— The Principal 
Trees of India — Money- Weights ahd Measures— Glossary of Indian Terms, etc 



Tropical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc., and in their 
relation to the Arts and Manufactures ; forming a practical treatise and 
Handbook of Reference for the Colonist, Manufacturer, Merchant, and 
Consumer, on the Cultivation, Preparation for Shipment, and Commercial 
Value, etc., of the various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tropical Regions. By 
P. L. Simmonds. Second edition, revised and improved, in one thick 
voL 8vo, cloth, i/. IX, 



Steely its History^ Manufacture, and Uses. By 

J. S. Jeans, Secretary of the Iron and Steel Institute. Numerous engra- 
vings^ 8vo, cloth. Nearly ready. 

Section I., History of Stbbl: Chap. i. History of Steel — a. Early Histor^rin England 
—3. Progress of Invention — 4. History of Bessemer Process — 5. Siemens-Martin Process — 
6. Other Steel-making Processes— 7. Steel in America — 8. Germany— 9. France— 10. Austria 
—II. Russia— 12. Sweden— 13. Other Countries. Section II., Manufacturk of Stbel : 
Chap. 14. Cementation and other Methods — 15. Manufacture by Bessemer Process — 16. 
Siemens-Martin Process— 17. Other Methods. Section III., Chemical and Physical 
Prohbrtibs of Stbbu: Chap. x8. Phosphorus in Steel — 19. The Use of Manganese — 90. 
Spiegeleisen— 21. Sulphur in Steel— 22. Silicon in Steel — 23. Tensile Strength of Steel — 24. 
Mechanical Tests of Steel— 25. Analysis of Steel. Section IV., Uses of Stbbl: Chap. 26. 
Application of Steel to Railwsiy Purposes—ay. To Shipbuilding— 28. To Bridge Building— 
29. To General Purposes— 30. Guns and Armour Plates— 31. Other Purposes. 
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Compensations: a Text-book for Surveyors, in Tabu-t 

lated Form. By Banister Flstchjbr. Crown 8ro, dolfa, y. 

Contents i 

The Varieties of Damage for which Oaims may arise-^Various Classes of Property^ 
Points to be observed in Surveys—Notices to Treat— Nature of Damage for which Claims 
can and cannot be sustained— What Pr op er ty can be compulsorily taken— When Entry on 
Property can and cannot be compulsorily made— Of Goodwill and Stock— <uid of the various 
Legal Methods of Settlement ot Disputed Claims— together with Full and Exjrficit Instmo* 
tions on the Methods of Valuing and of Making Claims ; with Comments on Cases arising 
under the Metropolis Local Manag«ment and Metropolitan Buildings Acts ; the whole ^ven 
in a Practical and Com^ehensive Form, supplemented by a copious Appendix, contaming 
many Useful Forms and Precedents, and also TaUes fur the Valuation cl^ Freehold Lmse- 
holds. Reversions, and Life^Interests* 

Dilapidations: a Text-book for Architects and Sur- 

reyors, in Tabulated Form. By Banister Fletcher, Fellow Royal 
Inst Brit Arch. (Author of ' Model Houses ' ). Showing who are liable for 
Dilapidations, and the extent of the liability of Lessors, Lessees, Tenants 
at will, Tenants by elegit, Statute, Merchant, or Staple Tenants in fee 
simple. Tenants in tau. Tenants for life. Tenants for years without 
impeachment of Waste, Mortgagor, Mortgagee in possession. Yearly 
Tenants, Tenants in common, and jcunt Tenants, Rights of coparceners ; 
also what are dilapidations and waste, and further fully instructs. the 
surveyor how to take and value them, to which is added the duties of 
surveyors, with a table of legal cases, embracing the most recent, and 
illustrated throughout by examples drawn from the author's experience, 
and latest legal decisions. Crown 8vo, cloth, 5^. 

Spons^ Dictionary of Engineering, Civile Meckanicaly 

Military^ and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8cxx> engravings, in super-royal 8vo, 
in 8 divisions, 5/. 8x. Complete in 3 vols., clotn, 5/. 5x. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. I2f. 

Seepage 16. 

A Treatise on the Origin, Progress, Prevention, nnd 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Work^ 
etc., etc. Plates, crown 8vo, cloth, 7/. td, 

A General Table for facilitating the Calculation of 

Earthworks for Railways, Canals, etc,; with a Table of Proportional 
Parts. By Francis Bashforth, M.A., Fellow of St. John's College, 
Cambridge. In 8vo, cloth, with mahogany slide, 4r. 

" This little volume should become the handbook of every person whose duties require even 
occasional calculations of this nature : were it only that it is more extensively applicable than 
any other in existence, we could cordially recommend it to our readers ; but whoi they leam 
that the use of it involves only half the labour of all other Tables constituted for the same 
purposes^ we offer the strongest of all recommendations— that founded on the value of time."*— 
Jff^Jtantc^s M(^azine» _ i_^ 
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A Handbook of Electrical Testing. By H. R. 

Kempb, Assoc, of the Society of T^graph Exigineers. With lUustra- 
tioHs. Fcap. Svo, cloth, fx* 

Electricity; its Theory, Sources, and Applications. 

By John T. Sprague, Member of the Society of Telegraph Engineers. 
With 91 woodcuts and 30 valuable Tables. Crown 8vo, cloth, 8j. 

Electricity and the Electric Telegraph. By George 

B. Prescott. With 564 woodcut Ulustratwm^ Ivo, doth, i&r. 

Electro 'Telegraphy. By Frederick S. Beechey, 

Tel^;raph Engineer, a Book for Beginners. Fcap. 8vo> doth, ix. td. 

Engineering Papers. By Graham Smith. 8vo, 

cloth, 5x. ^ 

' ** Contents: 

Mortar: "Miller Prize" Paper— Practical Ironwork : * Miller Prize " Paper— Retaining 
Walls : Paper read at the Edinburgh and Leith Engineers' Society. With Addenda and 
Discussions to each. 

Sponi Engineers^ and Contractors Illustrated Book 

of Prices of Machines, Tools, Ironwork, and Contractor^ Material. 
Royal 8vo, doth, ^s. 6d. Third edition nearly ready. 

The Gas Consumer's Handy Book. By William 

Richards, C.E. i8mo, sewed, 6</. 

A Practical Treatise on Natural and Artificial 

Concrete, its Varieties and Constructive Adaptations. By Henry Reid, 
Author of tlie ' Science and Art of the Manufacture of Portland Cement.' 
With numerous woodcuts and plates, 8yo, doth, 15X. 

The Gas Analyst's Manual. By F, W. Hartley, 

Assoc. Inst C.E., etc. With numerous illustrations. Crown 8yo, 
doth, 6x. 

The French' Polisher's Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re^^ 
polishing. Tlurd edition, royal 32mo, sew^, 6</. . 
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A Pocket-Book of Useful Formula and Memoranda 

for Civil and Mechanical Engineers* By GuiLFORD L. Molesworth, 
Mem. Inst. C. £., Consulting Engineer to the Goyemment of India for 
State Railways. Nineteenth edition, with a valuable contribution on 
Telegraphs by R. S. Brough and Dr. Paget Higgs. 32nio» roan, 6f. 
Ditto, interleaved with ruled Paper for Office use, 91. Dltto^ printed on 
India paper, . Synopsis of Contents: 

Surveying, Levelling, etc. — Strength and Weight of Materials— Earthwork, Brickw(»le, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses — Flooring, Roofing, and Root 
Trusses--Girders, Bridges, etc.— Railways and Road^— Hydraulic Formulae— Canals, Sewers, 
Waterworks, Docks— Irrigtation and Breakwaters — Gas, Ventilation, and Warming-— Heat; 
Light, Colour, and Sound — Gravity: Centres, Forces, and Powers — ^Millwork, Teeth of 
Wheels, Shafting, etc. — ^Woikshop Recipes — Sundry Madiincry^'Animal Power— Steam and 
the Steam Engine — ^Water-power, Water-wheels, Turbines, etc. — ^Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc. — Gunnery, Projectiles, etc.— Weights, 
Measures, and Money — ^Trigonometry, Conic Sectbns, and Curves-^Tel^;raphy— Mensura- 
tion — ^Tables of Areas and Circumference, and Arcs of Circles — Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc. — Useful Numbers— Differentiau and Integral Calcu- 
lus—Algebraic Signs — ^Telegraphic Construction and Formulae. 

" Most of our readers are already acquainted with Molesworth's Pocket-book, and not a 
few, we imagine, are indebted to it for valuable information, or for refre^ers of the memory. 
The book has been re-arranged, the supplemental formulae and tables added since the first 
issue having now been incorporated wim the body of the book in their proper positions, the 
whole makine a handy size for the pocket. Every care has been taken to ensure correctness, 
both clerically and typo^^raphically, and the book is an indispensable vade-mecum for the 
mechanic and the professional man." — English Mechamc^ 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of * Architectuial 
Surveyors* Handbook,' * Hurst's Tredgold's Carpentry,* etc. 6^0, roan, 
gilt edges, third edition, revised and improved, ix. Or in doth case, 

This work is printed in a pearl type, and is so small, measuring only ai in. by zf in. by 
i in. thick, that it may be easily carried in the waistcoat pocket. 

'* It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but 2^ in. by if in., yet these dimensions faithfully represent the size of the handy 
little book before us. The volume-^which contains xi8 printed pages, besides a few Uank 
pages for memoranda — is^ in fact, a true pocket-book, adapted for beiqg carried in the waist- 
coat pocket, and containing a far greater amount and variety of informadon than most people 

would imagine could be compressed into so small a space The little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion.*' — £ngifieerin£». 

Analysis, Technical ValuatioUy Purification and Use 

of Coal Gas, By the Rev. W. R. Bowditch, M.A, With wood eHgravingt, 
8vo, cloth, I2X. 6d, 



Test 



Condensation of Gas — Purification of Gas — Light— Measuring-— Place of Testing Gas— 
St Candles — ^The Standard for Measuring Gas-light — Test Burners — ^Testing Gas Uxt 



ig 

M4 



Sulphur — ^Testing Gas for Ammonia — Condensation by Bromine^— Gravimetric Method of 
taking Specific Gravity of Gas — Carburetting or Naphthalizing Gas — ^Acetylene-^Exploaioqs 
of Gas— <>nawing of Gaspipes by Rats— Pressure as related to Public Lighting, etc 

Hops, their Cultivation, Commerce, and Uses in 

varufus Countries, By P. L. Simmonds. Crown 8vo, doth, 41. dd^ 
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*A Practical Treatise on the Manufacture and Distri- 

bution of Coal Gas. By William Richards. Demy 4to, with numerous 
wood engravings and large plates^ cloth, 2&f. 

Synopsis op Contents : 

Introduction-— History of Gas Lighting— ^ Chemistry of Gas Manufacture, by Lewis 
^ Thompson, Esq., M.R.C.S.— Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, £sqrs«-*-Retorts, Iron and Clay-^Retort Setting — Hydraulic Main — Con- 
densers—Exhausters — Washers and Scrubbers— Purifiers— Purification — History of Gas 
Holder— Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications— Gas Holders -^Station Meter— Governor — Distribution- 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq.— 
Services — Consuipers* Meters — Regulators—Burners — Fittings — ^Photometer— Carbiirization 
of Gasr-Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Qas — ^Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products — ^Ai^tendix— Description of Retort Settings, Buildings, etc., etc. 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive C^eometry adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples; to whiui are added rules for Shading Shade-lining, etc., 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a chapter on 
drawing Instruments. By George 5. Clarke, Lieut. R.E., Instructor 
in Mechanical Drawing, Royal Indian Engineering College, Cooper^s 
Hill. 20 plates^ 4to, cloth, 15^. 

The Elements of Graphic Statics. . By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Lieut. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College, Cooper's Hill. Crown 8vo, clotl^ 5^. 

A Practical Treatise on Heat, as applied to the 

Useful Arts; for the Use of Engineers, Architects, etc. By Thomas 
Box. Second edition, revised and enlarged, crown 8vo, cloth, I2x. td. 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. Kutter, translated from articles in 
the * Cultur-Ingenieur.* By L.OWIS D'A. Jackson, Assoc. Inst. C.E. 
8vQ, doth, I2J. td. 

Hydraulics of Great Rivers ; being Observations and 

Surveys on the Largest Rivers of the World, By J. J. Revy. Imp. 4to, 
cloth, with eight large plates and charts^ 2/. 2J. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition, 
numerous plates^ post 8vo, cloth, 5^. 
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The Indicator Diagram Practically Considered. By 

N. p. BUROH, Engineen Numerous iUustraHons^ iS}^ ^^^ucfti» CrowD 
8vo, doth, 6s, 6d. 

" This volume possesses one feature which lenders it almost unique ; diis feature is the 
mode in which it is illustrated* It is not difficult to take a diagram if the Instrument is once 
set, and the settii^ with stationary engines is occasionally easy enough, but droumstances 
continually arise under which the young engineer is complecelv at a loss as to how to obtiiii 
a diagram. All uncertainty will be removed by refierring to the book under consideratioBt 
here w« have drawings of the arrangements to be adopted under everjr conceivable circum- 
stance, drawings, w may add, illustrating the practice of the best engineers of die day."-* 

Link-Motion and Expansion Gear PrcLCtically Con- 
sidered, By N. P. BUROH, En^neer. Jllusiratid with 90 plaits and 229 
wood engravings, small 4to, half-morocco, 2/. 2s, 

The Mechanician and Constructor for Engineers, 

comprising Forging, Plamng, Lining, Slotting, Shaping, Turning, Screw 
Cutting, etc. By Cameron Knight. Containing ^ pkoes, iikj Hius* 
trations, and 2,9T Pages of letterpress, 4to, faalf-morocco, 2/. 12s, 6a. 

The Essential Elements of Practical Mechanics ; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for CivU 
Engineers. Third edition, illustrated by numerous wood engravings^ 
post 8vo, cloth, ^s, 6d, 

Contents t 

Chap. I. How Wolk is Measured by a Unit, both widi and without reference to a Unit 
of Time— Chap. 2. The Work pf Living Agents, the Influence of Friction, and introduces 
one of die most beautiful Laws of Motion — Chap.^^. Theprind^es expounded in the first and 
second chapters are applied to the Motion of Bodies-^hap. 4. The Transmission of Woik by 
simple Machines-^-Chap. 5. Useful Propositions and Rules. 

The Practical Millwrighis and Engineet^s Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3J. 

Contents: 

Diameter and Power of Wheels— 'Diameter, Weight, and Power of ShafCs-^MultipIiers fw 
Steam used Expansively —Diameters and Strength of Bolts — Size and Weight of Hexagonal 
^uts — Speed of Governors for Steam Engines— Contoits of Pumps— Working Barrels---Cir- 
cumferences and Areas of Circles— Weight of Boiler Plates-^French and Engli^ Weights and 
Measures, etc. 

The Principles of Mechanics and their Application to 

Prime Movers, Naial Architecture, Iron Bridges, Water Supply, etc. By 
W. J. Millar, C.£., Secretary to the Institution of Engineers and Ship- 
hmldeis, Scotland. Crown 8vo, cloth, 4/. 6d, 



PUBLISHED BY K & F. K SPOK xi 



A Practical Treatise on Mill-gearing, Wheels ^ Shafts^ 

Riggers, etc, ; for the use of Engineers. By Thomas Box, Crown 8vo, 
cloth, second edition, Jj-. 6d, 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andr^, F.G.S., Assoc. Inst C.)£., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately dn^wn to scale, with descriptive text, in 
2 vols., cloth, 3/. 12S, 

• Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation — Pumping-- 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Iroui, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc 

The Pattern Maker's Assistant ; embracing Lathe 

Work, Branch Work, Core Work, Sweep Work, and Practical Gear 
Construction, the Preparation and Use of Tools, together with a large 
collection of Useful and Valuable Tables. By Joshua Rose, M.£. 
Witii 250 illustrations. Crown 8vo, cloth, los, 6d, 

The Science and Art of the Manufacture of Portland 

Cement, with observations on some of its constructive applications, with 
numerous illustrations. By Henry Reid, C.E., Author of 'A Pnu:tical 
Treatise on Concrete,' etc., etc. 8vo, doth, iSj. 

The Draughtsman's Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. And&e, 
F.G.S., Assoc. Inst. C.£. 4to, cloth, 15/. 

Contents : 

The Drawing Office and its Fumbhings— -Geometrical Problems— Lines, Dots, and their 
Combinations— Colours, Shading, Lettering, Bordering, and North Points — Scales— Plotting 
— Civil Engineers' and Surveyors' Plans— 'Map Drawing— Mechanical and ArchitectursS 
Drawing— Copying and Reducing Triganometrioal Formul^, etc., etc 

The Railway Builder : a Handbook for Estimating 

the Probable Cost of American Railway Construction and Equipment. 
By William J. Nicolls^ Civil Engineer. Illustrated, full bound, pocket- 
book form, 7^. (>d. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andrk, 
F.G.$., A^oc. Ipst. C.E, With 56 illustrations and 12 pkUes, 8vo, cloth, 
loj. bd, . . J 
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Surcharged and different Forms of Retaining Walls. 

By J. S. Tate. Cuts^ 8vo, sewed, 2J. 

A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 31. 

Sanitary Engineering; a Series of Lectures given 

brfore the School of Engineerings Chatham, Division I. Air. — Division II. 
Water. — Division IIL The Dwelling. — Division IV. The Town and 
Village. — Division V. The Disposal of Sewage. Copiously illustrated. 
By J. Bailey Denton, C.E., F.G.S., Honorary Member of the Agri- 
cultural Societies of Norway, Sweden, and Hanover, and Author of th6 
•Farm Homesteads of England,' 'Village Sanitary Economy,* 'Storage 
of Water,* * Sewage Farming,* etc Royal 8vo, cloth, 25 j. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.K, M. Inst 
C.E., F.G.S., F.M S., Past-President of the Society of Engineers. Second 
edition, Tvith numerous plates and woodcuts ^ 8vo, cloth, l/. lOf. 

A Practical Treatise on Modem Screw-Propulsion. 

By N. P. Burgh, Engineer. Illustrated tvith 52 large plates and 103 
woodcuts^ 4to, half-morocco, 2/. 2s, 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Royal 8vo, cloth, oblong, 2j. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, royal 8vo, oblong, cloth, \s. 

Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. GuSTAV Zeuner. 
Third edition, revised and enlarged, translated from the German, with the 
special permission of the author, by MORITZ MtrLLER. FlaUs^ 8vo, 
clotbf I2s, 6d, ' 
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Cleaning and Scouring: a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Chkjstopher. i8mo, sewed, 6^. 

A Treatise on a Practical Method of Designing Slide- 

Vahe Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; togetner with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Wrlch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, doth. 6^. 

The Slide Valve practically considered. By N. P. 

Burgh, Engineer. Ninth edition, tvith 88 illustrations^ crown 8vo, 
doth, y. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public By Maurice John Sexton. Royal 32mo, roan, gilt 
edges, 5j. 

Modern Compound Engines ; being a Supplement to 

Modem Marine Engineering. By N. P. Burgh, Mem. Inst Mech. Eng. 
Numerous large plates of working drawings^ 4to, doth, i&r. 

The following Firms have contributed Working Drawings of their best and most modem 
examples of Engines fitted in the Royal and Mercantile Navies : Messrs. Maudslay, Rennie, 
Watt, Dudgeon, Humphreys, Ravenhill, Jackson, Perking, Napier, Elder, Laird, Day, 
Alllbon. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and f^^ plates^ in one Volume, half-bound morocco, 2/. 2j. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam En|;ines without entering into Uie wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Coriiss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Rston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves; and Valve^earing will be minutely dealt witnl In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's. desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 



14 CATALOGUE OF SCTENTTFIC BOOKS 



Practical Treatise on Steam Boilers and Boiler 

Making. By N. P. Burgh, Mem. Inst Mec. £ng. lUustvaUd by 1163 
wood engravings and 50 large folding plates of working drawings^ royal 4to, 
half-morocco, 3/. 13J. 6d, 

Barlow's Tables of Squares^ Cubes^ Square RootSy 

Cube RootSf ReciproeeUs of aU Integer Numbers up to lo^ooa Best Svo, 
dothy dr. 

Camus (M.) Treatise on the Teeth of tVAeels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers, translated from the French. Third edition, carefully revised 
and enlarged, with details of the present practice of Millwri|4its, Engine 
Makers, and other Machinists. By Isaac Hawkins, ^iusirated by 
1% plates, Svo, doth, 5^. 

l^he Chemistry of Sulphuric Acid Man^facture. By 

Henry Arthur Smith« CutSj crown 8^0, doth, 4/. 6^ 

Contents : 

Ground Plan of Kihis for Burning Stilphur Ores^Seodon of Pyrites Pumaoe— On the 
Presence of Arsenio— Methods for Removal of Arsenic — ^An Experimental Examination of the 
Circumstances which determine the Acdon of the Gases in the Lead Chamber—On the Dis« 
tribution of Gases in the Liead Chamber — On the Temperaturp at which Nitxic Acid acts upon 
Sulphurous Acid'MDn the Distribution of Heat in the- Ltad Quvnber^An Inquiry into tfab 
Best Form of Leaden Chamber, etc. 

A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities, etc,, with a 
general description of the several Instniments required for Sweying, 
Levelling, Plotting, etc By H. S. Merrbtt. 41 fine plates with lUuS" 
trations and Tables, royal Svo, cloth, third edition, izs, 6d, 

Principal Contents : 

' Part z. Introduction and the Principles of Geometry. Part 3. Land Surveying^; com- 
prising Geneial Observadons— The Cham-<-Offsets Surveyins by the Chain onl^>-<»Surveying 
Hilly Ground — ^To Survey an Estate or Parish by the Cham only — Surveying with the 
Theodolite— Mining and Town Surveying-^Railroad Surveying-^Mappng— 'Division and 
Laying out of Land— Observations on Enclosures — Plane Trigonometry. Tart 3. LevelKn^^ 
Simple and Compound Levelling— The Level Book— Parliamentary Plan and Secdon^ 
Levelling with a TETieodolitc— Gradients— Wooden Curves— To Lay out a Railway Oirve— 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates— Cuttings and 
Embankments — ^Tunnels— Brickwork — Ironwork— Timber Measuring. Part 5. Desoiption 
and Use of Instruments in Surveying and Plotting— The Improved Dumpy Levef*Troughton's 
Level— The Prismatic Compass — Proportional Compass— Box Sextant — ^Vernier —Panta- 
graph — Meirett's Improved Quadrant — ^Improved Computation Scale— The Diagonal Scale-* 
Straight Edge and Sector. Part 6. Logarithms of Numbers— L^arithmk Sines and 
Co-Smes, Tangents and Co-Tangents— Natural Sines and Co* Sines— Tables for Eazthworic* 
for Setting out Curves, and for various Calculations, etc., etc., etc. 



Laying and Repairing Electric Telegraph Cables. By 

Capt V. HosKlCER, Royal Danish Engineers. Crown Svo, do^ 
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A Pocket-Book of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N. P. 

Burgh. Sixth edition, revised* with Appendix, royal 320104 roan, 4/. fid. 

Details of High-Pressure Engine, Beam Engine, C(mdenang, Marine Screw Bngines. 
Oscillating Ennoes, Valves* etc. Land and liCatiae Boilen* Propardoiis of Engine* ^foduccd 
by the Rules, Proportions of Boilers, etc. 

Table of Logarithms of the Natural Number s^ from 

I to 108,000. By Charles BABBAes, Esq., lif.A. Stereotyped edition, 

royal 8vo, cloth, yj. 6^. 

To ensure the correctness of thcse/Tables of logaritlims, th^ werQCqm|Mur«d wjth Callett's. 
Vega's, Hutton's, Briggs', Gardiner'^ aqd Taylors Tablfes of Logavlthms, ai|d carefully read 
by nine dififerent readers ; and further, to remove any possibility 6f an error remaining, the 
stereotyped sheets were hung up in the Hall at Cambridge University, and a reward offered 
to anyone who could find an inaccuracy. So correct are these Tables, that since their first 
issue in zSsj no error ha$ been djcoovered. 

The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables,^ and Examples from Practice. By. Jas. H. Cotterill, M.A., 
Professor of Applied Mechanics in the Royal Naval CoUege. 8vo, cloth, 
I2s. 6d. 

The Practice of Hand Turning in Woody Ivory, Shell, 

etc,, with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc., also an Appendix on 
Ornamental Tumii^. Bv Francis Campin. Second edition, with wood 
engravings, crown ovo, cloth, dr. (a book for beginners)* 

Contents : 

On Lathes— Turning Tools— Turning Wood— DriUm^Screw Cutting— Miscellaneous 
Apparatus and Processes— Turning Particular Forms — Staming— Polishing^Spinning Metals 
—Materials— Ornamental Tuxnins^ etc. 

Health dnd Comfort in Hotise Building, or Ventila- 
tion with Warm Air by Self-Acting Suction Power, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J, Drysdale, M.D., and J, W. Payward, M.D. 
Second edition, with Supplement, demy 8vo, with plates, doth, ^s, 6d,; 
the Supplement separate, 6d, 

Treatise on Watchwork, Past and Present, By the 

Rev. H. L. Nelthropp, M.A., F.SA. Numerous illustrations, crown 
8vo, cloth, ts, dd. Contents : 

Definitions of Words and Terms used in Watchwork— Tools — ^Time— Historical Sum- 
mary — On Calculations of the Numbers for Wheek and Pinions ; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up— The Verge— The HoruontaI**The Duplen— The Lever— The Chronometer— Repeating 
Watches— Keyless Watches— The Peaduhini. or Spiral Springs— Compensatioa— Jewelling of 
Pivot Holes— ClerkenweU— Fallacies of the Trade— Incapacity of Workmen — How to Choose 
and Use a Watch, etc. 
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